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BEST AVAILABLE COPY 





im#m i ] ftmnmumj.— v • < >* 71-^ 

x^ttni-hT'^sia— tmftsstierixy •> x*w 
mxcmut* *s8§£<fc y 77 u > a 

«w«:"r*75s. 

[MB! 3] 7»Xll*— ^afOME^X©*** 

KM?-' 7"*>*-** .xswfiT'SSPFRnifefcxxy 

K^-pax^-fXL ; «tt«-r:/*xy **a 
x*^-f7cr*xyyx**u c©<v*xy*ax 

XI*ttT©Xx v "7" : 

a) *<fJls 3.—' tf 71-XlU/VK at; 

l; 

b) Ttwr-i i/ayigmxittny^v^yhfrz* 

7-7if h^xyU-fvXSVXfcfftS-rsMtfX-Xx 
•7 h3>X r-^**5S*rL ; 

c) S«*7*5?i^h*^6. WBfta>tfa-*Xtnr 

S3iBXXy*-5'3>©i£3££^fcX»*. TfJ*- 

TfWEL : xyS/aZ/t. LT, B5E7*Xy -7— ->a >*i 
SXSfcltSWT^-rxfflfc^flHtL ; 7zrv*-\ fa 
-T X'J * KM LfcraxtUilfrfHfcT * 

[f«^is s ] mtsxm#}3.-v • -r>*-7x -x^ 

1 -X£H#T STSacKSl^T. 



2001-306308 



7D«tt±©«;5*£3£«L ; U I ^Ex;u±©ffl*©i*mc 

,^tu i tx/Mtffa— «f • -r>*7i-x(Dj&stcis 

* «§T-r x y * © □ v#-*> h £ ltsis l ; 
a— »f • -fv^7i-xfi«s^*n*1tsa)avea- 
5v>^x/^rxKSLfcSgw&x-^*-fv*xy* 

<j«»RT** * 3 icr S8Mi!*lf«T SXt 1 •> X*« L 
[flWBS6] n— fK*tLT\ >Sffl->X^A£©*tB 
Y Jl/x/ X±T*BufB7' X y 4r-i > a V©* >5-r X 

t77-ex &tf*ns©s^ii»freii«-r*7m, 
raraus 7 ] ^o5i*fl!)f=»ic. &-r xy 

[oooi] i. m^otm 

*58Wtt □ > fcf a -y < Xfr/ W XE©^-* 4M>X 
7U^->a>fflff«U:MU .feyPffltctt^a©^.- 
1f . -f>$7i-7. ; ETM«rr*77'J^->'a> 
©*^X£Sirr*7c#>©73^ • -r>* 

-t^ yfT/wxizm-SLtcmm.-ci.—v • -rv*? 

^KUiSSXXy <r—i/ a ^conformant appl icat ions) 

[0 0 0 2] 2. 
2. 1 HB£ 

h y X3>en-^«ffiffl?*&t>5R^Cfcnt«Sf?« 

x>x«a5«yBLftcvjxM«)^/t-r;u ( "#afi" : 

'pervasive') ^/^X^S^-TSC t^PSmzH^ 
tc e CKDct-Sft^SSx/^Xttlkilx-^^X^AR 
I5i T^SpJfflLfctf^XXa-bT.t^RrBBTft^n 
(*fcSftL% 9t£Ea>91MM& I«37>K 

sr/^/KxoD/ty^y-ss^a-rs^. mm*- 

S^Jfe^S. Cft6 2o<D*f**»fc-r'.y-/U**£L 

[0 0 0 3] XXy-7— ->3>©IS58» StfUS 
tDS^Jb^r*.!:. «a<D7 r M'T7.1i®^^<devke fo 
ru factors)tu»l5U*»tntfft6^^i^-5«l)QWft 
Pp^B^afe*. C-fVK^XCE-Ae^B*^ 

tiutj&'&is. <it4is©s45X7 y ->+f-rx 
?-r*ax^'7-y*ffittLfc'7-r*ux«fS 



(3) 4f6§200 1 -306 3 08 



Hfc:ftoT*TlA5o 
[0 0 04] 2. 2l$jS 

WAT?*)*-- > a >^^T^j«-r*rc«>o!)^ss* 

S/3>tiSAP R/3^<D±SI 
5?-*5'X7 1 A<fc*fc^lit?fctttttffcS&L\, ITS 

[0 0 0 5] ±B7/t<>MC.W«7'7'y4— 5/a>P 

[0006] 3. rnxowm 

[ooo7] 7zr*j > a >im*mz'mm-&*u ■* 

£<7>»E^ Rtf. aSUfcSnfca— y.-rV*7x-3. 

r*7»:ry*— : ^a>^*ts-rsfc«>ic«ffl*nSo a. 

X<D#f§* (^-kry-5/a>*x;k f-^fl)U HI/ 



y i )$ <Dt$tQfai&)i£?}iz «t y K^nTt^. c<d 

o rcmizm7m*D.— y ic * ss^sr * ctft<a 
5?atfiMW-extc*ysi3iiw<?*«. 

-7(.x-*-r^> hJi'NCWi^^y ^*wr*J:dic 
^>*-7*y***M.-r*c£(s:j:y, -y- /tfiiTf^L 

[0 0 0 8] *fgtfl<DfiHU:. ttiKoa.— V^O*? 

x-* : ex/u**rrs7 7 -7*y i/ a xot^xxmrn 

[0 0 0 9] *«^SU<Dl*Htt. ffl*flD#3£<Z>a— y 
• YV*7x-* i ExA/J§<D7*?'y$-— ->aVS«i/X 

[ooi o] *mmomommi&. a— y. 05171 
-X^7 r ;KD^£<07 , ^ , y ^r— > a >*jgs-r*fc«>ic 

- — [00 1-1 Y*mm<om<Dm&. -wetoa— tr- -r> 

[0 0 12] *^<DSiJ<DflHt±. O^CDUVea-T 1 
[0 0 13] *«^©9J<D|*ett:. H-<D2-1f^V 
[0 0 14] *«^OS'J©KH«. f/W7t 1 DX« 

^□vea-x^y^x/wx^-o^^y^rtics 

[0015] *^©sij<DSst4. -y— /^wzr-ifeurcx 
- * s^^Wfta-yic * ««^sr * c t * < 
a— y • -< v5» 7 x -xrt icswr *fc460!>aigge*s 



(4) 




[0016] *$mmi<Dmmit* rt-vi-iirvztu 

Tz/7>$ >h (Personal Digital Assistant)^©/J\S3 

[0017] *^W£ogy(D^sa:, ifjt<oa— ^'-rv 

[0 0 18] 4. ii«H38g 

4. 1 ^cD^/UXffiE^atflSafcfctr,*- 

lt*a (a) ICH51 

& IgjUpresentationHcfcttSSHW* (x—S'OttW 
[0 0 19] 4. 2 7*-l±m 

mxm (c) tens 

t5. — #JI±Celesta SnartForms"?36So "7*—/**® 
[0 0 2 0] 4. 3 fH7D*-> 

85** (a) kiss 

Lfcttfttf fc5fcC\ 
[00 2 1] iifflfiafiTHi. CKOT^n-^lijUSSSffl 

[0 0 2 2] 5. 7 7 7*U'!r-e/3>^7 ? ;l/ 

5. 1 S/aVO^E^Wb 

7 T 7*«J-5r-5/aV=7 ; -^^7 :r ^l/+5 KJU*x 7**5^1/ 
+ fcr5>*Xn-7v?+JL— y • -f>$7i-7 
£CTi£«T*7'7y*-5'a >*iJ£Wf§(Application 
Specification Languages) tc J: *J % ±EaV#-*V 

-■bib?-*. we^-T'ii/rom^i^neofflssft 



#0820 0 1-30 6 308 




;KB*75>x-7 hraOia«*S«r*o t*7*7Q*7* 

7 3 Hi7 7 V7*> a >o7-;i/t» 
77'J > a >-T"0 He HittifW'SftfcX* 'J "7> 
6^6««*n* 0 a— «f -f>*7i-Xtt, a— tr# 

[0 0 2 3] t&iziL— if .-r>^7i-xav#-* 

/U+5 1 — ? 

a-+r.<>*7x-x^/w=*-rn/+7'-fev7y + 
a > 

*-T/U=5!jX^^ Z3^*?h«<Z>. TfWr-i >a> 

[0 0 2 4] S^3Fftfc-rV*7x-XXU*Vr-©« 

a. 

□a 

[0025] 7*>fij=*'nw>m£*i\Z(DiBm!n 

[0 0 2 6] f-ey— >av=i-1f 

t». U I tfJl/±<OJKK >3>tt«liWtuO 

[0027] 7 L -v=lts<3D7 ? /^xmsc±T-oa-+r 
-r>$7i-x€f*i/©a/fv ^-^©susucii. ^ 

[0028] ±gB05#^sctt, 7*y-?*). & 
tf ^-ey-s/ a x;i/<&jn*wj£«K,fc y *\t 

Ztl1t77V > 3 V(07 7* = U £5£«T* 0 

*c «6*£LT»6ft*7':7*yy-5'3>W:. 

[0 0 2 9] 5. 2 MDF (*-OMzv h • X* 
M D F 7 U— /* ! 7— tmOZ.—V • «f >^ 7 1 — 7tf 

4»-r;k 7-t>7y» stf^-ey— >3>e^kds« 

^-r/l/=4#SOt-7*7.*7-7xf h^-r7P3©7-<- 
;l/Rcfe^*tlfcU IIU»KDI§, «5ttf. A7 



(5) 



#1112001-306308 



[0030] 7*y-?v=mm (x»i«Ji<oau^->3 
tu *n-Fn "-y:r *-oi/<D'yy-<D/u-h£«jST 

7«r ?4»aJkt*±4>ERft (query) lc«fc y % ^-©^ U> 

hieiaawten^o c^&stt^T'uvr-rtT^sa! 
iR*nTt^7'-<7 i A©itttic«t y *<k*nTi^ 
cntc«fcy, *-r>*'OUF , 3<D£*ax* 
?*a^r*citc<fcy % u7*-nn*©Hiitt»WT 

S^yifcfcfcSIbWfciltR • »5TOIte&«. 
[003 1] -^fef-y— >3>=^-e^— ^aVttffittT 7 
■b>^y (*fM/-fev h«) <VX$VX©X*f^€ 
*U f-flDS±.0#AU>f (current) 
So ftU>h*^/M;y h4>*tf8CT?*U a-«ffc» 

kwp**. noma** £xo)*'(>\>&fmte3.- 
o t<b»m>* -riwty'^-bxr a z. t tf&s <t 

IKM«>*<OHS9 H'V^^yxtt, i** 
fc«fcyfft£pjfiiT2by» -€-<o«^ SHKOx^vxtt 

f 'J 7^**1*. 

[0 0 3 2] C<0a-+f .-fV^i-X^/k Slf 

co : E7 f /uffl<o7 , yy <>— >3 i *#ga 

MDF^-?<Dfl|U:3J8. 3. IVlcEKS' 
[0 0 3 3] 5. 3 taB7-^7P- 

io«)7yy^— >3 viciiLTfcys xv Ka— »ra, 
-?wmw?ic,z e z.o>i/i-*) *\nm LfczL-+f . -r > 

^^i-X^x/UttWTCDStttCfeyiffiS^ti* : 

nrtu i i^7koi^ ffiijtif, ftmmxmwmo) 

7-^7a--37ftl4, Btt. a**<Dffi 

[0 0 3 4] 7'-bV7*y=7 7 -bV^Utt10(D4i-f;U* 



[00 3 5] 7-tfy-5/3>=^tfy— >3>«l8tt, 

y. a— y r ttR7 f -;utc7'^-t7;LTff*o*'r/n'v 
t;^>x*^u> h*-r^-r>7;4» vxt^i&rsct 

r*cfctc*y, ««©-r>7;^>7;*7*-;ucM-r!i 

»A JUMITfe *^/Wi:/-/l/jfr6l£3£WU:iay|fcfr 

n*. a— t-?*)*-\ t /a>totcm.m&\tc 

[0 0 3 6] cou i ^/wiw^saftffe-rscfcte 
•fey. *y«Mtft*<n^rvx*>x^ , -;u*esRi« 
t**o «*©*-r/wvx*>7;ic<fcy*ar 
fife?-* 7 a -tt, «{S®5tJettXtt«lfflWtt«i*S 

[0 0 3 7] 6. 77'J^- 7a»Xfi* 

6. 1 «a 

[0 0 3 8] 73 >>>7f i»li77<J^- 7 

3. 77V*-: 'saym&Bmit. a— »f.<0^7z 
-X^x/bftTT' y y ^ 3 >*SSIT*fca&te#» 
ftfBil/^7 h*3E*-r*. 77y*— >a VH«# 

»XU^VKD-rV7x4i>7s*f^«-IB3iU 7~7 K ) 

izD.—v*'<>*-7x.-7>*mjjirz3>#-*>b? 

[0 0 3 9] 7 , yy-!r— >3>->7N?i*^«T*XT 
y7ttamry7«St«. 

[0 0 4 0] »1<0X^y7*W:a— y.-r>*7x-7x 
^T^fcjmrSTxT^yTfcy. UlTODX^yr*^ 
: ^-T;k Stf*-OP±K^£ti*£T<oa-- tf • 

<o*4)m<om&ii9m* R.zf&&o>mmit7-b>7>) 

[0 04 1] «2X5 l y7'tt>^«gli:«fcy7'ry'&— 

-> 3 >*isms*s« l> ttTox^ 6««*n 

tf) #$ti5a-1f"r7$7i-XiU^>K 11/ 



(6) 



#1*8200 1-3 06 3 08 



[0 0 4 2] msx^yrii^w^-f^vf 1 ^^ 

[0 0 4 3] Jg43.^v -7T-\*m*<OVtf.- h^n/cx 
7Vf X<Dfcafrfl!>U-i'7 ,, i> K^-^-iJ^ft^tU ttT©7 
xfT**"*"* •• U I ^x/UtDffl^Xl^VRo&L. 
T, W^JS^tOa.Tx^SaL ; U I ; Ex/l/±£0ffl^© 

7.tt«feyi&si:*ti^Mi)owxu^> ^al^JS1^*y'^ , 
u y— > a >*§3£wi§rtK5t«f * e 

[0 0 4 4] SSXTy^V^^U^CU Itr/I/ 
«H3HU JitT^Xx v7 : *-Ok a— If "TV*? 

>h (fragments) frS*^!-? htfMVX^VX 
«f^«r*S«*^x^ ha>X h 9 (construct 

[oo4 5] mex^y^tt-rv^^u^rtitT 1 -^ 

[0046] zL<f>7o*x<nmmi*n8miz. &mixn 
sswrfttoSM d f tmz&mztiT^Zo 
[0 0 4 7] yyvr-i^aym^m^cDm^ttm^ 

HS6«9ttX ML (extensible MarkupLanguage; World Wi 
de Web Consort iua, www. w3c.org) T*£2>o Z.OrtcW,Z 
&iZZ.O) "XML" £(^5fflS§<D(£J3liWorld Wide W 
eb Consort iumicj:* XML <0itS, »tfXML«7*1' 
■*-UXtt*<DflW>X M LflfjgfcGHrr ^jSfcWfbT 

[0048] msmsL<^mo>vmti.nmmii. xmlom 

-<-*-yflHHb"c*fc*. -WAP/M'-J-'JXMLtf^b* 
(WAP Binary XML encoding: WAP Consort iua, www.wapf 
orua. org.)T**o 

[0 0 4 9] TfWr-- 'sazstiHtrnmttmrzrctb 



<D*9 moVmi&$mmtt XML X*-^ (Schena) 
(World Wide Web Consortium www.w3c. org)T*fc*= 

[0050] 6. 2 r?-vi>i- 

-So 

[00 5 1] 6. 2. 1 T—S-J-V?-* 

To ^-^V^ti^^ftfc&fcffyped Document) 

^>yStf«*-r*fca6©yU-fcra-(TreeView)Stf 
xU*> hRtt/^;KEIe«ent Attribute Panelk R 

fc«>(0*<©yUfcfa— T^Previ ewers) *-r7 

*nfcX«3v#-*> n*T^yy-: fa >m&mn 

[0 0 5 2] *^7*ftfcX»p htt7»7'J 
^r- > a >7D^75>^V«7i-7, (AP I) * 

«ww s. a p i iaOT©BWc»flyB*n*o 

*>, 1) 7Wr- ->a>ltS«fil<DP-h\ 2) 77 
U 5> a >m3£X«©fWE» P- KStf -te-7. »tf 
3) ^(DflSroPV^-^VH^LTWJaiBil^U- 

->a>icnr*ita*«ie-r*c:c:tc«i:^ K3>#- 

*>h©&W&ibfW>SH*. 7Wr- s s a 

?BiHI (broadcast) *tu *ft6 3 MJ*n 

[0053] •^!J^v^x^y>^• t^d*^**. 

X»»-VMDocument Cursor) lu<tyH«*n*o Z. 
<D3>#-*VhW:* AbVhxU^Vhtuptfn*/' 

-> a V£*rtdX 1tSUfl:xU^ V 
IMHMS. *«xu^vh*7^^XRT|gfta><K-* 
VK fUltfyy-lfa-- ^7Uea-7'W:^-rnt». 

x«*-v;uap i ^ifffi-rciic-fcy. suvn 
> h U7 7» bv>uHar?*«. VIM*. 

[0 0 5 4] 'yU-ta-tt. x«<onie©«i«sstt 

text-sensitive)>xa-t*. £»tc*rr*x > h 
0DBiJ(*XtilfA0!>fc«>H:|fitt6n*. 
[0 0 5 5] XU^VhJBtt/^iH*, *UVHU^ 



(7) #112001-306308 



[0 0 5 6] ■7ls£3.-73>#-*>\-tt7-7V<r- 

->a>x»*. -r y * yy * k «* y nfctg^oa 

[0057] 3bU>HU»h«, a— y.-ry*? 

*o yutfa-T'rt-c^i— ? -<^7i-xi 
#auyhxu;*y ros:*. *<Dmms yij-tfD.- 

[0058] 6. 2. 2 ftf£ 

[0 0 5 9] 6. 3 -Ty*:7*y* 
-ry*7y*tt, TWr- *sa>mfc%&fTU =l- 

v • -ry*7x-x*«3jvr*ay«K-;*.y kt**. 

[0 0 6 0] 6. 3. 1 T*-*^*** 
<y* yy* ©7 , -*7 L ?**liE7fc^*:h.-n^* e 

*xML^-ex" £s*ftfc+r:?-y 

GU I JE*. * Wlk K/U^xT^xrtO 

y#-* v h ztntTfv t-\ •/ a >m5£u:*rr 
^-r z/f=riU yucj: y HflWft*a.-+f • -r y* y x 

-*y M**^u:5y*^=)ytf-*y htpyarn 
[006 1] • ^-r/u/NVK^av^-^^hw^-r/u 

-OI/-ry3.*y*. RtfaYT<D^3:ftfcU HU^Vh 
[0 0 6 2] • S-OI/TMiy^y »tf a yx 

-*yhtt*-r/ufigiw&*» uuu^hif-** 
-y/wc*yraj8;rftfcx-*^yhe**v h?- 



[0 0 6 3] • x-^/\>K^ 3ytf-*y H4„ *>T 

jU7*-t y 7 y Rtf* tf y — y a >i>j;>a y #-*y 
h it J: y ^n/cift«a-<f .-r^7i-xiT 

y*?r5. 7-?/\>F5tt, *-ou7M*y:7y£-*-fcf 
y->avi>i?>o«t, a-+rffii<0Hfl!)^yy2? 

LT«fi&f JtfcSnfc^-^jEfc&EiTtitf* 
My K^ttffl*©*^U±T*S^3mRlR(Sha» or Hid 

[0 0 6 4] • r-*-f<>h9-tX3^i;-*>h 
tt. «*<D*-r/k U I xu*y K Stfl^JW+r-ex 

«ioust*6*. ©t?tf«s»ioas**fcr. cad 
ay#-*y HcfcttSx-sa-yji/a-^x* h 

[0 0 6 5] • l^JBtf-txri y*-*y hfcfc* 
/i/* 3 -r 7* y k 7/ w x t jsw+r-/ mwr-vem 
oimm&VLZ* c©_iy#-*y h«» *-f/i//\yK^ 

-yir«*Atv* 0 fl!i<D73fc-ra, raWlr-tfXriy*- 
£K<fcy^TT* e 

[0 0 6 6] •f-*«#*-e73>#-*>Hi, 

-bMttZo mmmsMmi&mztt'j u— y a i-iur 

y^-X C7-r^ay7h«x -y7*hik iA) y-y 
[0 0 6 7] «feyB«B*l»W*^3o 

[0068] 6. 3. 2 T'yy-jr— yaysdi+f-tr 
^ziy#-*yh 

■jy— yay*g3£0)»^bo!)S«ODfc«>» Stf, -tcDflS 

*ts*«^r-5fc*6n:fiEffl*n* 0 Est*. T'ryy- 
-yayS»+f-kf^3y<K-*y He**, TtVr- 



(8) 



&B82 0 0 1 - 3 0 6 30 8 



h £053*151* <h Plates 79f 
^VhflDM'-HcfcSxl/^VK BP'SS'OUxU*}' 

[0069] »iIfcii«S0IJTHi. 77^Vh ortSfc 

[0 0 7 0] 6. 3. 3 -f>*;7*'J*£<tSHvariati 
on) 

J^'J 4—*. >s a V-VX^^tt. ^SiJ^^Xlii/XT 1 ^ 

2 icii 2 o©-<>$ :?y * mitM&mjj&ti-z^Zo 

[007 1] 02(O^-<7'Vr-flK>*'7 > y?W:v ^ 

[0 0 7 2] BB2©1t-/tH-f>*ry#l*» 7l^> 
•So £<7)g<tS>liliiB»tr- 

Lfc^„ C©>T>*:?y*±TWu WAP^^a?7 
■7+r^-vUu f/WXKO^T-f^'^^a?? 
^tf^ffifflLTs WML (Wireless Markup Language: W 
AP Consortium, w#w.wapforum.org)£^J£"$"So J$'f7> 

7>*mm?* 0 zcom^ yis-e-yT-'saymitnm 

[0 0 7 3] 7 TWr—\ -/aym&ya-b* 
Ctm T7Vr-\ l/a>Zttf&?ZtcMz77<)* 

[0 0 7 4] 7. 1 ^O-bXOaiS 

0 1 14, 77V *r-'y 3 >fMBU:Jitt*&7^'y "T^a* 
■To 7'^U^r-5/3Vtts 77U^->3V5'Xt^ 
<D3V#— KO^Vt 1 *^ hRtffi&B (usage) lC<fc 

£*tr#- 8«ifB7':7*y$-->'3>*7 ; /l>«U # 

3£<DElj(Pane). TMs^'J* Stf-*-try— >a Vlctt 

7y *r— s s 3 v-vx^ao^-^^v^^ t* 
fcffiJBLT. >3><o^^feS:«^« 
L;*^5/aVi:LT. Me7*:7y<7— >3>*&SX» 
^Saj^/t-r^rafcifjaftL ; 77Vr-\ >a -yms. 

[0075] * 77U<r— >a >*££tt»ZJfcE 



[0 0 7 6] 7. 2 ^□•b^OSaa 
77*)*- 'say&mt. &&<D77Wr-*s aZ4%£ 

»^-f^«(DTD; Document Type Def inition)X«X 

#-hT*XMLX»T**. d©tr<K- hOfcft. «7 
— 77V *—*J a ytmfeMmiZT&a LfcX 

HS6«9Ttt, XML**-^**mi§tf«JB*ft*« 
[0 0 7 7] m^iSr^SC*^^^ 

im £R xiiiiyi^rso xu*>r-<*>*miyy- 
tra -±<Do.— »f • -r 7 1 -7.aH^ic<fe y «*5tu 

/U" *fl-LT?rfoft*. 
[0 0 7 8] XSrtlcS^'TV7.^>X*#X-r*fc46 

!RU #f77y7"^-2-«Pfliit. *L-rB3§£#tt 

y-i-i^Ss i«*nfeii/^> hoi5«^f ties 

E4<0«T*tt» H58#tty*Hf:i-xU*>r-*»« 
U ?XU^Vh©}fA*tt£Lfco •7~*"0*tt* 
-f7'n?'#y*y<.lcfei" v T, 3t*<0d<DitfiW>«raxu 
y>Koy7.h*^ro tai^>h»s 77V*- 

-> 3 vttsuii^&sii <t y entttcaat* ft*. 

[0079] 155EX > h OKtt <0fil*SS-r *fci6 
M3*#ttXMLyy-fcfa-rtOXU^>h*a»? 
■T*o *7— VOV-tt. 7Zf , )*- s sa>1fe&En*:& 

ttzz.tiz.&v* coxuyvncjfr*Rifi6**T 

<DJ8tt<oy7.h*^U *tl6*xU/>hS1S/<* 

[0 0 8 0] 77VT— *sa>ffi&%ltZ-<D£?lzL 

77 l )4— i . Ua>1%Z*mZi*l8.TZ 0 
7.<D#*fcH86«<D 1 ott^P bf^yittLWiitu x 

n*c x~ s» : E7 r ius7>i4*o«T^«*ft*. ai©» 
[oo8i] -7a\-*47immmm*~ 7-?*)*-*; 
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Tt^ij a xoftfiKXli^M* left 5 C £ 
[0 0 8 2]77'Jt->3 >*tj£&«©ffc£tf*S7 L 



[0 0 8 3] 8 ^/W/Ux-^T'^Uy— >3>7U 
-L.D-? (MDF) 77Vr-\ l/aZ/i/XTU 

■7-* (MDF) *Bt«BT*. 

[0084] 8. 1 MDF7-7V*-: ^a>ttfg 
[0 0 8 5] «1 K^LfcMDF7'^'J'{r-5/a>J§3£ 

[0086] 
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<ArWbuteType namB=;iBlrf^ype , dttyrx^eriuirieraUon' 



<]- XML Schema Dctensfciltty lor W3F echemes -n> 

Attibot© to support Mistyping of doourrwrt Wk*T*. 
Usage In schema: 

<AttrtDute1Vpe ofctype^tdref extrefType^xxx 4 
ext:refSDOpe=Vy/> 



xxx fefere the name<s) of tag<3) ID wwcn ffM 
attribute can refer, and 

yyy fcfeT* the nemo^a) of the tag(e) wrttkh art tie 
for the reference. 

Ids will only be matched if He cx**te the 
fnnarnoat centering element wth nodename ironi tie set 
I toga yyy. 

The document processing apptoaflon la nspoiMftlB 
for enfordno trie eubtyplna 

— > . . M . m m 

^AttributcType fximo^'ieiTypef dtiYpe** r eb a fit> 
<AttrtbuteTVpe name=* , ref Scope* outype^artig'fr 



Support layout 

dteptayUfiit aWfrudod to corrialnen thai can tw •how 
roergaMe « ootid be combined wtth parent 



Bemertte 



cAttrirjutoType najne=H«playUntf OtiypeWi 
rvaJuee-Ainmorgabte meignbtoyV 

tor fragrnentaSon 
(Type name^frapmontf ct;type= , t>oote»nT> 



«d- Support tor translation -> 

<AttrQjuteType narnesTrajwtataWe' dttype-"Dooteen'/> 

<l- D&fioripttve toxt-t- 

<AttributeType nemesideecrfp1on , a^ype^cMn^ 

-d- Support for Blfowfng WonWoalon of layout-related 
attributes end tags — > 

<Attrt)titeTypo rame-layouf ottype^enurnennorr 



Temporary exterBton-attrtxJtee. wMewttig t 
Dsott to upgrade tieir XML Sonoma tupporttll 



<AttributeTVpe name=lenglrf dttype="W/> 
<AitributeType rame="mmLeng1h f dl:Vpe=tnT7> 
<AttrfouteType narn^'TnaxLangW dt*yp««TnrV> 
<!- Next extension-attribute, if present, overridee dWype ~> 
<Attrt>uteTvpe namfestype* (Jtiypo^'onumerarjon' 
dt vaJuesslXrurtex bta.baaaB4 SUmem© (o 



Elements to eupport dota-ttneing. 
Usage In schema: 

<BernenfType natieWaaa' ...->cSuppoiteTypa 
fieldType=*r»cY><Supporte7>pe ~J>.~ 

tndcatej thai 'aaa* can be bound to MdBwm»M» 
xxx*, etc 



<AttrtbuteType name^tteJabhdfng; dUyrje^'erwrneaion 1 

dt.vaJues-'feWe 6ekJ'/> 

<AttrttmteTypo name » *oonbiu f dLtypee»'booioBn , /> 



dtvaluoe-'trfrtng rwbor ktagar float bootean date fbne 
datetime enumwallorrVf . * 
•cElemenfType narne^SvpportsType^ 

<attm>ute type^'fiexTfyps 1 rec*JreeVyeeV> 
</Bom*nfTyp«e» 

«dBoho m e> 



<W- MOF Application Berwine. SHeade*-* 
<Schema xrnlrieWum^oheerwe- mfc r oeo r^ ^ 
xrrtnsnjt»^im:scherr£8^k:ro9CJft^m^atetyp«* 
xmha:exk= , x-e chemaSGhefmExlensfc^xmf 

<t»a»_rndt tofrternenMUl vorsfcm=1.CT> 



<E'lemenfrype name^WMap* ext 
lor tie WBXML Id-Offeet mapV 

•ccttriDuTe type= po*mers racjurac^yesv> 



<Berrwr^TyMrian»=*tnlneCoc^ dblypa^alrtna* 

<AtHbuteTypo nerrx#^conatr*JnfType ( 
ttitype-'Bnurnoraflcrf dt>olues-*velo1ty too berT> 
<EtementType rxime^XJon^nrcontanfc^artOrO^ 
attribute type= t ccrmt raWT ype" tequlmWyee"^ 
-ceJement type-TnrheCode' rataOoraeWI' 



i narne^luncdonNairie* dttyp^c^stlngTA* 



<AtWbut»Jy|._ „ 

<AttributeJype name='evenf dt:type^strtna , A> 

<Attribut«Type nam »=argN erne' otrtypWeirtno'^ 

<AttrfcuteType nom&='argD«<au*t , Z> 

<ElerrierrtTypG name^'AnjuraantV 
<attrtxrte type=^ rg Name' lequlreeVyW^ 
<attnbute type^'arnDetaur requtecV/w 1 ^ 

</E1ecn«rffrype> 

<ElonionfTVpe name» l FtaiettonV 
^attribute type=functiof^am«' reoplreiWyarfrV 
-<element type^'Ar^oraent m*nOccuie«= , 1'/> 

</EtemerrType> 

<ElenienfType nan^sTuncttonCefrV 
orbibute typo- fun otionNQmo* reojuireoVyea*fV 
<elemont type^Anjuroonf mhOcoura» , 1'/> 

</BamenfType> 



<AttrtbuteType name^tdTcble' dt.typeJkJ'A» 
<Attribu1eType nameerefTabte' dtrype=Tdrof 
axtr©nype=TabJe' extciatabtndlng-fel tf/> 
<AttrtbuteJype narrw-'KJRekf ctdtypo-W> 
>Type. nams-'dan' cttyDe^'strlrttf h- 
<AttributGTypo names'retFtekr ( 



<AttrfbiiteType nar m m'nmetdat dt^pe^ttets* 
>e=Ttakf%> 



■cAttrtbuteType. narna WdsrV « 
<A11ributeTypo names 
extrerrype-1=*ekfrV 
<At*jibuteTyr' - 
ext«eTType= 

<AttritJutoTypo TOro&wfyptf aaype^'eryinemjon/ 
dkvsuues^eutnQ " " * ** 
Dooteair/> 
cAttrtbuteType 
<AttribiiteType 



neirtt^eclTtaJLengttf dbtypeWiaGf> 
<AttrtbuteTjrpe namssdetajMLaber dcryrx^stlflg'/^ 



<Attributelype nama^canstanf dhtypeb ctrtrt^/> 
<AttributeType narnewparamlmlex* dfctype-'trrfA- 

<AttnMeiype name-V din 

cAttjiOuteTypQ names 
exiAanefcitebit 

<Attribute7ypo name ^lm^ eftano a' dttvpe^enuinerafion 1 
dtrvaJuoo=*rnenclatofy htgn normal lowfr 

<t— Bgnap and loon support -» 
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<l- new: Soifco -> 
<*- DbaUcdtorVl.0 

<AttrtxjtaType nefne=toJdef dtyjp*4anumBiafGrr 

dtvaiuea='ascendino desc8ndnjj7> 

<Et«menfTyj» narop=SorOCey ccnlawMera rt rfy 
<attrbut» VPO-'retFIelcf ftxptod-yMfe 
tribute Vpe^Mtr 1 rmjulre*=>«*y> 

«Bm*tfrype n.nvg^SortSpoc' content-anOna/V 

<anrtbuta type=1cf requfrecfctaafe 
<attribute type^DtJe 1 requlred=y»»yi> 
<etemom vpe=SonKey mfnOooaasT r 
</Bamenrrype> 



nornec'Search' co«tent='ertOrty> 
<atTtouteVpe=teIBel*rr«qukafcfjae'i> 
</Q&mertfTjrptt> 



<l- neve I 

^Werrtgm also ipe ; . wflwrtknfc&s* 



<AH rtbuteType nane-townHeld 1 &topm4dnt 

extrefrype=Ttew exr.datablrefina^flekf6> 
<Atint3uterype narne=ttestf=te»tf <Idypa«1drar 
extrafTypes'Fiekf extidatabindfna^ckffr. 
-AttrfbuleTypo name~-d9emJeSof dlrtype^ldref 
extrcfType='Ta©3rfjS 

<EJemenrrype name^HyparLUr oorftesfe'etOiy'* 
<attrftMite type=townRe*ct raquMdVecfet 
.^attribute type=tt«slReki' raqutrod^'uMSfe. 
-^attribute type^UesmieSef reqUr»dfc>yft8U» 
<etement Vp»=v j " * ~ 



<Bemerrn"ype name=Tndiiecr ccmtenWempV* 
<attTtjuta VPfc>"""aNtf requfeatfeyacyw 
<attrtoulo VP<*>efFtekf reqiiwKWyesfc. 

</E*emeftnype> 



<l- START 

-sBemenUype rtauWConBtantSefectar' „ 

"caflrtoulB tjrpB=torFtel<f raqtlrad^Veafc 

oidDule ypa s Tbonsianr requfraffcj>Rs*/> 
</EtaroenfTypa> 

•cBemanfTypo BamorfP w o terttoteetef comanfartmnNS 
-^attribute lyps=tefneitf reqiijed=>ss7> 
<af rBxite type='pararnJndex J renafeatWyerfy 

^attribute type='rerTaMe' requlra<l=VasV> 

<3HMJPC ^ 



^wanwterSelecttr nM)ocait^> 



<t~* Model tie reMbMNps drecf/ — > 
<Ben»nrrype name='Relatlwr ca\tem=>"*lDr*f> 
<AtrtxiteTVpe nanidatotiei' d L Vpsglotaf 
BxfcrefType»Tflbte , A> 

exfcrefTypesrtabieV> 

< At mxneType name^lakll' c 
extrefType= , FteWy> 

<AtrfouteType nam 
exfcrefrype-fFWtf/* 

<AtrtbuteType 
a»aftjaG«ri b> 
^<At rfouteTyj^B namfe/eaidlnaBy? dt^tWenumemW 



dt.-typ^eminieraitorr dtvatoe6=*teMe1 vimz MUW 

<aftifcute type=*abta1 ' raqiintVW^ 
«alWbute lypo-tobWr naqutowWyae'A- 
<amfcute typ#=TWd1' wgdreo^Vaatfr 
<att«ute type^natd? reqtimvytavb 
<flrt*»ute typa^ardtnaavi' reqofrwwyw*> 
-cattrfcuta typQ^cardtosJfyV requtnxWy*«y> 

<Amtu«rypo nems-'perealRe 
•xt:refTypc=Rp*attor. MainlUe 2 



^LWdnp: Anrj*wposG*>«yt9touseco 
A subTHBis cwnRefa and pareotFteld aia 

attribute IWc which tsterancss tw < 
Tha PK eenetaaM to oaad ta both 




•xtrafTypa iTlaitf¥» 

<Etynarjn)aja aiw mi 

BortsaarfWlOi ', w 
<atttxjte type=i1tf rooiirwWw^ 
<attrt3utB typeotjaasTabte' raqufcifa^trtb 



aodbNlf^fpavOoaatafin^ponlpMq^ 



naroe-'ValueUstBcmenr conk 



•cEltmantrype r 
<damanrrya«»> 

-cBwnortryp© r^sT^^^.Oo^LJtpr ^jJ^^^^J^T 




</EJmanrrypa> 

<BomirtT] 

<Attrtout9 
<Artribirt»- 



exMcccftpOorte'Not pteasnt rmana notfe__ 
-attribute VpfeteworBourvtfhirfaKW to^Ub^d-W^ 

^n«xj^pe.^pet©oundWfv*ja»w%' MqukadWriO^ 
<dafMnflypa> 



<Baiwetgrjp>wat 




<attrtouta t/p^type' required w£ 
<attrbule VpaafenoW raqtdrac&nor^ 
<attrbut» VP^^«naJLmth' wqutrad «W A> 
<altrtoulo VP^V^irtUxOyjT «qulr»d»*no'A. 
< A tUtovt9Trypa namadHulaAJavred' dt^pe-txxslaanVS 
<AttffcttaType nama-'autoGanatato* 
dttype=*enumomB{>nf dtatafuaaWno bttao»r QUTtr/v 
<aftrt>ut« yP*»^u»»A]km«r requbnd^ncy <formrit^oy> 
■grttrtoute Vpe= > aiitoOenefata' raqQiiBd^no' dBgagMMl^ 
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<EJemenTType frame= , mdBX' cortsnfc-^mp^ 
</B«m«nfType> 



<attrtoute typ«= WTabte' rAqura^M^ 
-cp-ttribicte typo—Wen* r&qu kr«t^Spoor> 
attribute type-fextemelKey* re^raeVnott* 
cetemert type=Tlsld' irtrOecuwdT mr — 
<elemert type-Index' nitaOcei«=»b- 
</BarnonfTypB> 

<aenwntType nemne^DetaModercariian^W^ 1 

ext^ragrrw*=T> 

<fifOUp order-Yricur/ mhOcowWIV 
<eternent typ6^Ta&lo7> 
«©!ernerrt typo— Tletattortfr- 
<taroup> 
</BemenfTYpe> 
<l- END DataModel echema-> 



CHjrremiy supported: 
- cnecKiabtes, n r» cwamoaM 

To da 

-Comphrto modotf «g ofc Dcrtrota 

/Wdsi^jport tor popup fram»» 

Add Wb Mow support ( we otie r 
Rules of loan: If CN F(prlmlth» ca 
trtOttFtoM, Value) 4 6etOf(Vartat)*«,V«lU») 
PririttvB comkalnL (flatJ,op*«#« t **n*tfre*} 

Tradeoff betwaen VBScrtp* and but* turtceonaety fa: 
-buflin hdpdwBMoan bo uftde<*tood and 



complexity of progmcn v« general VBScript 
clmpifcfy of custorriifllon vs. dscoattnutty 

To HfiMiaw 

- Support for aaepfng 

Keep simple, to « T 

val daf on (but reduces eirar-checUngf] 



>ie, to ease inpiemei ttarun, and 8 



return vakjo boo txod nemo ei 
-tcttpt wont airport typeo, mo pdnttaaa to 

^Tuse Pert-He* cartngacr 
parameters havB fixed aamee. 
ss> need to wwk out reqianman* a bit better 

Noteeon EBaupport 
?enumeratton type not supported 



<d[CDATA{ 

One vej ©f rendhq Complex to 
^Complex labeVAddratsS 
< Group compresa=W eepefetor-'MV 

<comptox8uD datnseioVAddj2'/>- 

<BreakS 

<£Uoup o o m pi e aa fr e e' separators'. *> 
<CcmpkxSub dotefi«ld-XJHyV> 
<Cornptax3ub dtieMcWfteglonffe. 

<«3raup> 



<Attrt>uteTVpe naR^WTie* bttype=*f f> 
<AtJrbuteType namaetexT dllypa^Btrtng*/V 
<Atft>ut«Type name ^reme* dU y u e»Wef 
^r»fT>»e= f ille'/> 



<At*tbuteType neme^ffatafieEf 
ertwITypesVieU* Bxtdatabindjnga' 

cAttibllaTyjie rarne= yaremReKf 
ex u cfiypo— Ttetcfi^ 

cAlWtHJteTypenanie^terBy* dLtypa-W 
6XttefTypaJ&<5^>ad/> 

<AUrtbuteTVpe ncme-^uttimee' dtr l y p e tt odaa nTV 

cAWbuteType raiiiesTiavigationBeV OUtype ri PooW a r 

<AfJribuleTy pe neme=lBber 
«4ttf buteType narow-VfaibW 
<At*tb uteTypo najno-toavigaie* > 
<At*ibuteType narne^reedony 



<l- For a taa ia ri Raw ~» 

<AtVlx*oType naiw-M dttypa^inf «KtteyOie- > afff> 
^gjfcteeTjjpa rMnw^ Oolepaif dtfrpeWW 

<AttftuteTVpe nvne^tfL. 
dfcvafcjes«1ett canter right* o^syiu*='aff>* 
^<ArtHbutoTjpe narneVhapaoe' dts/y-fnf 

<!- For etamert GertPeoe -> 
<AnrfcutfiType n t e ai Vr r e p ' drdypa='aootaart' 



__ Vpe-<ooW* 
<att1butB type-'ootapany> 
^attribute typeoWgn*^ 
<aitmxtB iype-T»epaeey> 
</EtementT>pe* 

^EiernenfTypo naeMaOrtdFape* eontenb^eltOnrjf* 

<attribute typB=*WTap* rBqufreoVyee 1 da* eu » I 'fe. 
^eiernentlypBs'Rou/ ednOocure^a raaaOoou r— '*y> 



nowie^EwerjtHendtor^ coritonta*eBOre/^> 




<Artt>ieeType nen w^o taf <tiype=W •xtfcrjoute'xtrfV 



<Bemenrrwen 

ucfJayoufcafBJrV 



<EleraerfTVpe 
can Riute ttpBac' 
<grDifp o«lef-'ooa'v 



<HH3UP> 
c/aamantTypo 



ewTVpen 

ea L h &rt8blaota=^1 V> 

<A*TibuteTypenari 
sxtsGfTypcWriald'^ 

^SenMnnype net 

ortrtbots tjpecrtleidLlsr 
<^ernentType> 



fpo norna^VolooCapeoftV 
ceHrtbuja typo^teMLlof rcquJr»<Wy*a*A> 



THwwta, TIM 

UdbutaTVpei 



Tlaa, eto.-^ 

<AMb«taType rym^ta g « ejen * e ' ottype^anuaierattjn* 



<AttmjuteType name=tlsplaye»oup' 
cBemerrtType name=SiljTw> 

<attrlbule tjrpeOJ* reQuned 'nof> 
<at«1bute typBs-reme' requtadsYe*7> 
<anrirx»etype^raetFrarnflf aaqdreOn>efi1r> 

<atlribule Vf^usptayGioury peqilnioWno*. 
<aftributo typa^T^nantRolaikW mqutrwWy— V> 
attribute typBMteitBy 1 iwi yjlratfa'nrf/* 



d«faiit= , iiorrner/> 

<«*amant NpaeCeptJon* BMtaeedV 
rnexOooure^f'^ 
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[lemeMT/po rama-tialrVnteS 
<cettributetype- , tRto' laq u U yp yU K* 
rBttTibutBtype^fa)' nsxfnw&^nft> 
ccumxie Type=Ternte' requM^yBS!^ 
<et tribute type=1argeiFranw' iaqutred=Ves?> 
ccttribute lype='<JsplayO<jujr raqdw^-'no'^ 
<*ttritoute type-'eortBy' nqunr*Wncff> 
<otement vp&sCapfton* mnoccu»=A* f»xOeajm=T 
extjaesc rtpttorv=\jverrtdes tile aitjamrt> 

< clement yp^VclcoCeptlorr rtrtOoctn*iV 
majOccuis=*1 ' extdcscrtoOon-'OvorrtdM tffli at*tij|afe> 
<dement iype«ButoTler •naxOca*** > *'/> 
</ElemerrTVpe> 

<EiemQntType ram&='DatoConlpar> 

<attTftxtefype=ttableki reqp**d->a(ft»- 
•c/EtomanfTypo*- 

v\tmi)ukeT>pe nanfe-ttapfojrCbaraclsiv* d tt yae ^W fr 

<ElefnentType name='Co*iOTr> 
<attr0xjte^pe»111«' requirwfcyatffc 
otirtoLrtetypG-w reinHiadaV&fe. 
<attriUrtg ty^t tototakf roqul wWyw^ 
<a$tTibuta typaaVa.im Iwli/ taqtdreoWno* 

<attif bute typB^ttsptayCtamdm*' reqtirodrflWN 
orioment type= bx*r«cf mirtOcaM-tr BMPOPMt T»» 
<domamtyp*-'VbioaOaf*»a-*> 
</EtemanfTVpa> 

CortrMt -» 

-d- Next ore advboiy; may ba 
Engfr* component* 

<=AttributeTyp« nan 
dt*ypa»4na>. 



ov w ri d m by Layout a 




«*Eiomenny»e 
«xtxontnoW*1 ^ 
<MfE*ends(DaiaCtortio$-> 
attribute typa= label' taqdrochefea'/t 
attribute typo»W rw**o*-yaa*> 
^attribute type-Mateficttf mJncWya«V 



lrtxHajm.il 
datai iti—'fKHTTTtttr^ 

attribute type-tea doajy sequfrQ<S=too' dataUfe*Gft> 
<attrtbuie type=Ynandatonr requbpoVno" detauft-t)'/> 
caltribute type='mti)tiln«s r r»qiititti=W dalarfMMa 



<exfc 



fcSupporteT 
menfr)pa> 



«£fcmanfTy*ri i 



<l-4Extends(DabConlMj)-» 
cP.ttribute typo^tabeT nqiJracfctotttfc 
^attribute typo-Id' required VaaVW 
-catbibuto typa-totafiekr ttgukacfeyatffe 
canrfbulonpe^'mlnDifiptayChajBcter^ P" 
<AttrfbuteTyge rantaalBhDwj DM efc fc rf 
dt.type-'bootaBiiV^ 




jif=Tionnal7> 



<ejoment typa=1ndtract atoOoeaaWV BwaOooun Hfr 

roaxOocua^lV> 



<*- OpttonGroupt. and 

<£temorrtType rmne.xapflQrf m*B i U 'tKHty 

cattlbute type» W raqtf»QVywV> 
<at tribute fyp&sVakjo' requfcB<fcfya*A> 
otlribute typa-YafTle 4 raquirafa-ntf eii*aaciMDta a n» 
He H> ehow Page on. Nono mmvra tie parent of via Optica 



Pfapete show on tWi option bafcig 



-^WitoiiiBTVpe naajriMMdr dHype»»M0> 
<£tem«nrryp« name^OptionQjocp' aXbccn aWtV 
ottrfbuto typa-ttto* rentfiad - WA- 
<BMribute type=W requwd-<ypJV> 
<an m )i»e typ a=rajalettr gqul wcWgjlfr 

bute lypa- VMdem*/ axnJrajfc**/ deftmjfe*9fe 

otomont tyoeoX}pticn' rntoOoem^ 1 maaOocmm^h. 
tSupporUT^pe tteknyp*=-rt1n0/> 



</Qemonrr$pa> 
<Befn«f4TypefEanaaJQnl : ajBBV 

<attrifcute typo-Vefota' r»ajM=W dot. 

<attrft uto typ^wrtBate" ajqulre<^ < nariV 
<@em«afrypa> 
<Qemenn>B« - 
axteoontaak^s. 




<attribute type= Yeaoomy* rBquueo^no* dafaL<KOf> 

<efemant 1ypa=t3nFa1ae' rrlrOcc w*=T>- m«cOccufW1'/> 
-colorwrrt typ^-OnTwo' rrJaOooum-W 



-cotoamm tyao-^efMHaacai 

<extSt^poftaTypo tJcWTypo3tHw*Banr> 



<B— nCTVaai 
aKtooa fa oU^V 



'attOrt/ 



eattrttmeVpa^abaf mp#atHHBf fr 



tj ^ga lwportaaco'g 
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ottrfbuto ty p^—li npottonoe 1 rejuirocWbo 1 
defou/t=*r>oim(iP/> 

attribute type='iBadoiily' nsqulred=W da*Kit="ftV> 
<2itjibulc typBc'inancfatoiy' raqukads^W defaftJtaWfe 
<atlrtwle types'bber requimdsW^ 
ottrfcutetyi 
<dsmentt< 
moxOccu«a=t r > 

<e)onant ty«e=*_ayoiJAir frtnCk xarastr 



jte type=*minDisplayChar»c**«i 4 rau u hnfhrfnoffa. 



</Ehementt>p«> 

<l- Special control*: Addias* -» 
<AttributeTVp« name« l Bddh 1 dttype-**tff> 
<AttrlbuteType namasteddrg dtlype^eWi tffo> 
<ArtrtDuteTyp* name»ttty* dtlypes'sDW^ 
<Attnbutelybe name =Ybq I on' dhfype=fc*lAo'/> 
<AttrihuteType nama=\oountry' dtfypa^etrinrfb* 
<AttrfcuteTyp« nejrw-vo«Wr dL-fc*«WalrkK0> 

<EteffienrTVpe rame^Addraaa* conaanfec'atoijy' 

extconUo»=1V 
<!-# ExterwtepaiaCa* a 0 - *» 
^attribute type- Id' requmd-yaeVW 
<attribute type-Importance' mqufred^W 

defauB«'normBE> 

<a1 tribute type^'readoaly* feqJred^'no' CtefaHMT^ 
<attriBiJte type, mandatory' reqidrecWno' dafattfWO'A* 

attribute tyj^^ftDTapte yChaaMtera 1 J_ ' ^ ta 

<at%1buie type=1abeP iBqwad^toaifr 

otstwte typo=*acttr1 ' iaqulnaci* > ao%> 
<attrttjuto type^ctitf 1 iequ*ed**aeY> 
<attriautt type-'otty; requti«a-'rwY>_ 
<altrfbute type— Yb^ ion* re 
<ai¥touie wpe='counw r 
) typo= foster r* 



*/EkfTwmTjpa> 
«d- snoUd MontHyOatandir & 

or Ties? -o> ^ ^ 

<Eie*nertType nain8«= , Mon#iycolandaj' corajaf#*°altQn^V 

<atirtoirte lyp^tcf requfredk yW> 
onnjuie lype^ttataaeKr requM»W^ 
oxtSnpporteType 1tekfl>p8=ttat9fe» 
<ext:SuppOftBTyp* fe*oType-'ttata«nio < A. 

<EtemerfType nainasTkeySchaaris' contan^WOi^S 

«3tktxjto Vpft='detaflekr requires fl aa fi fr 
<ext iSupporteTyp e fteOTYpa= 1 tlat» J &> 
<e7ckSupponsTyp« tajnparfd u ia< maV > 
</BBmenttype> 

<AtrbutoTyp« n»m»-*l^W=o™r dhtype-ttingpt 

-OemerfType nettfe^CornpfuAsldV 
^attribute type=1d' requtradsyaslfr* 
attribute type^catafieltf iequ»redeYeaV> 
ottributo type=typa* re qiAacfa Htf drfsu**»s*lntf/> 
<atrributo tyipo-Vnpofiono^' requtredcx'rtG 1 
defaulWrioanaflU 
attribute type Wraedbny isq JtofcHn' o*failt*tm> 
<at tribute typo*Yrondntoiy' requlnufno' dsfatits/0 < /> 
ottribute typ6^nDtep*ayChamc4Hnr requ*ecWno'*> 

^aUrtbuto typcB^S^ptoyPpHnaff istiirirauVysaV^ 
_ <gron> nmnoccutB»*i' maxOccura-'" ofdarc^nanyS- 
<l- element type^'DataOonkof ~> 
<element typeWAddiaas fa- 
•seJement typo— T>ato7Tm*Y>" 
<e!emont type^'ChvcWorffr- 
<eJsment type='Coinboeox'/> 
<element bype=JComplaa fli tfb 
^element typte Mot no** 
<eloment lype»OpionG«ou^ 
dement t/pe^T *«3ciCVt* 



4- Commands-* 
<Attn6utoTypenai ... 
{ftyalue s =^f a xdoc tetepboneVS 

<Etem anrrype ne me-'Sianttf 

attribute typ«=toowiantf reqirirecWyDct* 
celement lypt-'Argumonr irtnOoO MW-1 1>- 
WBemartflype> 

<Eiom«nrrype nana^AddtaOonMnandV 
«*ttrfbute typa-lUnclonNsm©' requkrod-Yao*^ 
celament typa^'Aroumanr nanGDcuraVI^. 

</HefTvanfT^p^> 



<AttiMe1Vpei 
<BementType i 



rcontanW^oHunlyV 



. . nBinas'Monulton* 
ottrifcute types tebef reaUrod^yae^ 
^attribute lypfc-topMBmf «equir»d^eeV> 

<^anent VP^'SteodajtConiiiandVS. 



<h- Shtweabte aemra 

<Befnenrr>DO narnesTtoar 1 ccaitoata WiOriy 
extcfisplayUrtaVrae/gabk* ext:tayo<^'»ff> 

<grotip mlnOocun^t)' iwtot O couia=g w ' oi dar*i iiMBiy^ 
^ eiemeol lypecTXataCDnkor -> 
<eiejT>ert typo^AddraaaV^ 
<e*em ert typ&=©atBTimBV> 
<Btemeit h/pe=Chec*8ox'A> 
<e4emeft type=ComboaoK^ 
•element tofpeB^OnptaxFHMVy 
<etemert ype^Mefno*^ 
<etemert type=OpaonQnxip/> 
<etemem VpocrTMifioxVb. 
</yroua> 



CYircsspMiycvwBmernBMr aoa^aNOUh*Vr> 

<attrt3ute type TiaV nqiiraoVyaaf 
extdesoriptkaWused Jfffve Bageb not nwyffr 
<Qroup rrdnOocurt^O* moKOocunte**' ofooc. 'i— nyS 
<}- demorrt type^ataCortror 



t VpO"" a AdElPW 

-eetemeni Vpc^DoaaTaW^- 
<e3emert vp^CAeckaorA 

<otom©nt Vpe^CovapaWaid^ 
<etemcfi type-MBano^ 
<eiemert f 

<oi9mamt 

</group> 



<BemeatType mmaWTle'c 
extd^layU^tjnmeTQabte' e 
ottrtoute typBaltfrttfraqL 
<attrtou*» Vpe-^vrraMa* r 
-VEJ«mBorryp«> 
<Eten#nfrypa nomc^'FramaTie' ccntBnb-'anOnlf 
extcispteyUrtf^nrDcwrabte' extfraansnt-'l S 
ottrtDute type^idTHe* raqjrad^yta^ 
•eattdbiiW Vpa^'ranaMa 1 wamjaarf NaaV> 

<group nanOooufa^t ' MOai' iwy > 



</Clennenn\pa> 
<AtwbuteT*a«afn 

actmfTypfcjftiid'/i 

•-EiwrnnfTyp* iaaaia^UatVia»Tir c«»anfr WOtalr* 
^tfcyteyi^l^nrneronblg' extfraanail^l^ 

otntjute lypasidWraqiirac^yasVV 

oBitouta Vpae'rarTabto' ne * 

<l— <aftrtbuB ty 




<e*emorH typ^'Hypertb* frtftOocuiaVO' 



lype>/VcioeOapton ( atf fOocuv^V 
r axiiieaatptlooaOascftjee th» >oa/A» 
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<J~ <©lement Vpe^'Sort^peef miaOocunWP 1 
< group mfriOccunWl* gMDOpCBW^S 



</06fnenfrype> 

■* these Iwo FtaM seOhg tags assume Rs fie 

Mam Tie table wo are rranpaalig - -> 
<J- Copy front (cunem tabta7) to feti In new otjecl h 
<B«nenfrVp* ncma^Copyf lefcf contont^etlOtfyS 
oftrfeute lype-tlestFteJcr requked- W/> 
onrtoute iype=VwnFteO' requtocW>et*» 
</Eteraflntrypa> 

<J- Set Bold to Mwobteot -> 

fBemcntType nome-TleMVekje 1 ooRtenMeTIGMyS 

ottrfcule Kpe=XteslFtekr requt«J= , Yesfr 

</ElernfifttType> 

<AHrtMto1 



<eemenrrype rame^OtNeW eontaaVeHOaiy* 
*at«nert jweJCopyHoW mft Qeea wj fr r 

</ C t cr eemtT^>e> 

<B«menTTVpe name^X^^Copy' cci o la ne^ettQ^V 
<&ftr*juta *pe-UeafrUe8of recuiettaW^ 
o*eme« jfjpe^-CopyfHehr MnOcomST 
reaxOoajfeea^A* 

jjjae«'Refcf\tatie* 



typo-UW wo* 



— "=tiavH|alQnBerimqeijed ru e 



<aflifaitB typesln 

<attdbul»»/tte-yeadanly i ieeja>B*^ Usfc»« rt% 
<Alt*Uw type-'bitmapRJe 1 wqufcw^Wyb. 

<»iem«m typa=x>tiN0«rininODewWQr 




-d- Statable element aeeta —> 

<BBmentTvpaname=Telrfss l 
dement typesraw i 
</BementTvpe> 
<Etom»ntType n a m e. /TOea* 
<groi ^f> i nk Ooouxs^'V ofde 
<element lypQBTMVIeWnte^ 
<fttement typ*=*TrHmenieV> 



<EfamontTypo named 
<Bfoup odnOcctiSai] 



<1- Mfttttovm Inftjimatton -> 
<AttrfbuteType name -'scortartoNajne' <Jt*pe-'»W<tf 
:?extmaid.ongltv» l lor/» 
iiui iK>«wuanireiQ acvpearame/ 

nn>pe namB=^conBnoSagmanr> 

<attrtbute typa^TwfTabfr' required=>»y> 
</BenMnf1>pe> 




[00 9 2] 8. 2 MDF7-MVf 

u x h *whtz>#v Trvrviv ratfvrcftTt* 
c £ let y -»je*n*. 

[0 0 9 3] 04<DT»H:, 77V<r-zsa>». thK 
Ttts U-f>* h Vtt/ \> K P C (Handheld 



rSofnonfrype na rne-'SooeaftoS 
oltrJbute vpe=W reqUred=s^o*/> 




[0094] 8. 3 MDFY>^7'J^ 

[0095] Tzrvt—z/axDnsxT-y-?. mim 

U I %7lU4>Jfe9l 

SI 6. 1*TKWLfc->7 > 7 : ixf^J«yp-bXtt. C + + 
[0 0 9 6] 8. 3. 1 MDFU<r77hf-7 
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1 0(DMDF7 , Xy$— >a>SS£tf» 3-DOGUlT 
-7t*K^*nTl^, E*l5 3CHDx-Vli. n- 
7VGA (Half-V6A)/\> PsiU KP C, /\*-A(Pal«) P 
C. RlfVGA/\>K^l/KPCT»y. 

h*L v'T'h/k WA) fcil^pI#6TS6*c 
[0097] 1. 1 /WPv/UKPC (/\-7VGA 

-y-rx) 

B9fc, /\-7VGA/\>KAJl/KPC (»2 40W 
•bJk SS6 4oe*-fe/W ^'J-VH'7'>hii t SJ 

(a) *Jb<ft*'OI>-tev hT'-feVXyG)*^ HM>\ & 

(b) 3/a>X*v*#yxhfcLT:8rFlc* 

ii/y>h ^ft^-r * Z. £ T***. 

[0 0 9 8] (c) 'J JbStf 7 
-T Jl/^+X h # y ^ Xx U> > h lifflSt Lfc/ v</ 1- U 

[0099] (d) »U> h^-OHr* h©^-f 

n*. 

[0 10 0] 1. 2 /\*-APC 
/t-APC («3 2 0tf?-fe>k «2 4 0e^-b/W 7. 
^J-VK? 1 ) Hi, MDF7P h^-fXlCfcythtf 
— K^MfthOG U I U-<7"7 H7?*So HI OlC 
lis ttKtf5**tlTCvS. /\> K'MU KP C^-^l* 
tt&ttU:. «±<ft*'OHry KD'JXKi* Xfcf^-- > 
3 V/\'-Tttfc<*xa-*ttLT7''7-feX7irft*o 
e^— > 3VW-^«B ic£ > ha- lit LT 
l*«^*tl*t>tf. /\-7VGAAV PVU KP Cf- 

XX h U v X<&aE4S<0* Xi: LT^tlTfc »J . -tfX* 
[0 10 1] 1. 3 MVK'MUK PC (^UVGA+f 

-rx) 

711/VGA («6 4 0fcf*-t/k f4 8 0^-fe;W X 

^y->u-<7 , '7 h*ffiffi-r*ctic«fcy, **j#<«> 



lifl-«tfifx*ftTV*o Stmt's *XX h U yTSffli 

y - v±© 1 •3xiima©@^*nfc«m«:^ l *xp 

yK ic^^TSo 

[0 10 2] SMOfcli* BSfrHU I ^Ex/KD^M/VG A 
x-TlC^-TST-ye^^ti. M-^VGAx-V©* 
GtmWLrZo Tttt. 77 (a) ~ (c) liH 

[0 10 3] 7.fy7 (d) liWT«D<fc-5t«:S«*n 

[0 10 4] x^y-»t?4<l<07.ny h^tfti^fi 

±tje«**i* 0 clos^u:*^ jm* x* y ->±t£ 

Jg£*ftfcXP-y HtfS^T'fc**^ *-f;Ui*n5 

[0 10 5] tvftUDXOV hfc£«>&l/'*'Ol't4* X 
^ y — v<DESP<D*— / p + X5> a V £ L 

T*'J«0»TSS*n5. c * X-> a V© 1 -3*-7 

y y^-rsc fcic*y, a-+fiia«iijwiciia^-r/i'* 

at>ra^ u ii^rt x-> a >t*-/^7P-i» 
; ^"r^«:ME^.-tf»^ic«fcy«^Lfc^ 

Jg^tt, K^-TiUtfd5»* / <*7^y->7P'i'H^ 

U S#**-/OP-liiaicfeVt«*+X->aVtL 
-TX*«/JnU 3SffiWy^T5*iTt^XPy HdRtt 

-r;uc«yaT6nfcXP^ h©a»tj5i:T«t)*. « 

?ltf. yXhfcfa-*-</KList View Ti \e)<D9}ltmm 
[0 10 6] «T©a2li. MDF77U^— >3Vt 

BT-^e*nfc, -»Xiu*-y— tf^esx^vxhu 

— -> 3 >XP^ o 
[0 1 07] 
[«7] 



• 
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<GUI xmhs=^-schenia^ppicatknSchein8J(mr ttte=iTa3 
GUI Dofinffion"> 
<DataModat> 
<!- Code TaWw -» 

<Tabte 'KfTaUestccSll.StatiB* dsn=-SN_Sta*»S. 

< Field k1Ffeldx'hSH_Stgtus.Code' ^ Wi M ^ 

< Field tdHBUa-tSH.Sta«Js.Texr iype= TOigV* 
</Tebte> 

-cTabte WTabl©=-lKEqilp_TyTpo # d»*E<itfp_TypoV 
<Fleld HFteU="f:Eqdpjrype.Cod©- lypea-etrtndV* 
<Fletd tfFtett=-f:EqUp_Type.Te*r type=*«rintf/> 

</Tebla> 

VTeWe kJTeble-lKWR_Acr d3*="V**_Acr> 

<R«sld kJFteb='f.WFV>cLTexr type=*atring r A> 
</TabJe> 

<!- BEGIN: TABLES for synctaonbaion-* 
<Tewe UTattfesTSW dsn=*SN"> 

<Fleld kJFiett="f:SN.NoteNunr dafaurtLabefci-Raquesi 
Id" type-"etring" length-"*** 

<FicldlcFte&='hSNJ»rtart^" defautUU»»=*PrtortV 
type= "string" leratt=»i7> 

< Field krteb=*f.-SN.MoteOato- 



defouM-abel-" Received" type-' 

<Fleld WFtett=T:SN.CuslH«Tr 
defautLaber« a Cusfomer U' frpo^'strtoa" lanpm*vr> 

<Flekl icFtott-^SN.fecrtaBSkmV 
dofoulLabels-installaJlon UT type="W*trf toMt^nr^ 

<FieW OTed=T.SN.Eqilpmen»ta" 
dofnulLnbeJ --Equipment NuTooer* to*^feft|0* lat^m-tr** 

<FiaW IdFiefc^SN.ShorfW 
detautLabols-Oeacflptlon* type* "string" *MBr**m> 

< Field idRGtfcf-XN.LongTxr defaufcafaaJ ■ M aw' 
typo- •string" lenotrWWfc- 

< Field (dFte«=-f:8hLSttttJi" da*uinLaJ>e^ConnptetB<r 

< Field kfea.-f^N.Con*ac»*aw«- 
defou»Lebel=*Contacr type ^t rtng' 
<F- Nol n J a eon's modal -> 
<Fi€ld UFtekfc-ftSN .ModriNo 1 ftefatrtLabafVModar 

<TBW8 DTaDie^TEqUtD" 

<F1ald kJFtefcfc-f.Equip.Eiji 
defeuM-Hb©l-"Eq^pnnent Nimbar" iyp a=W rwf h mfe ne» 

<R©id WFie«=-f:Equip.insiall&ite- 
dsfeutLab8l="lnetaJfad' type="date" k*^m=»W> 

<FWd kJRstt,f:Equjp.BquipmaitTyp- 
defautU3bel=-Equipmen1 Type" typ#="5tilng r la«**=M"A» 

<FJeld idFtett=t:Equtp.ModalNo V 
defaulLabal*" Model" typo- "string" \vnQto- m 30V» 

<Reld WFte)d=*fcEquip.CustNofrt" 
dafauKLabeJ^'Cusiomcr W 4 type="Btrtrig»iengt>- , 9V> 

<*- No! h Jasocrt modal. Substrodby 

<FIaH tdRoW=n;EnukxSerla|- 
1ype= Integer tenQth^1&A» 



<lndex refHe»="fcCusLCny7> 
<fT«be> 
reiaiiansrups as required 

<Flett k««=n^mjSrNBin- 
detaiitLabel="ActMty#" Vpe=^Wfm" h 

«FWd idFlald»^WR>QlCode* 
Code* typo=^trtmT lerrf^47> 

<Fte« WFtettiTWR-tei^rjir 
type=^stdna*l€iytta W Y > 

<FleU k&W-^ftWRAcWOBte" 
fedo" tendm=tJTf> 
<Ftett t^teld«-t.-WR>ct/nme" 
tvp&=Time' tengtteV^ 

<Ftetd WRefcW w ftwa R eq um >dl W 



"""■am** 



— n »V ■ ii~> ■ m 
rl.MBfUJflR *OI%T 



deteUtLabal-TDarvory date" ^WtaMlh>%V> 

< Field ldFialds^fcWR£qitoniQ] riNjon r 
detauhLebaU'^quipmeni kr type="sttnflr tofigtW 187> 

<Field WRaWi:WRiSuatt*»i»" 
ctefauHLabfU^Ciiatewwr W typ e-^ls tog " hgl i^ 



<1- END: TABLES tor « 
Viable IdTable-l 

^FtekJ WFbW»t:ModeLModet*>" 
Mo,' type*^ntf J **gtioW*' 

<Rald kfrtefcfa Wodet.Manutactam^ 
defeuHLebeU'Manuraciuner* 1ypo=>*i 

<FteW kdTte»-TModel.Descnp«wi- 



«rraDie JdTaw©=*tcusr OBft^CwO 
cFleH WnetfctrCusLCustNum* 
dafaulLabel--CU8tomer nr typ&« 'otrtng- tengt>-"9V> 



<TaUa tdTaUe*1 
<FteB,IOFlBtt a -t 

<ReJdk^ld-n%wJ)«ocitaborf 

<Ta»e WTatte^tCheck" dBi^-Chock% 

1 ^pa-'atrtigT ter«f*-W> 1 

<FteW ldFW*TaieckXBcattiood" 

<Ftold Idn^^C^^.DejaSpfiw? 
I d ef a i i W wt^ Da a cd pOoa' lypa^"atrtrnT km^rv^'15*^ 

<T«bto kfTate> ( tPart a datWPartV 
<Fte*d IdFtekfcrWoTLMalNo- c 



cFieW WF1a«=i-t:C 
lype=*6tnng- iengtne-is a /> 

<FteW WFteld=1^u8tGHy' datajmbaAal^ay 
type-'Wring- tenotf»a-10V> 

types ^strino" lcr>atti="tO"/> 

<l~ ahoJd add vaRdatton coda hero 
cFfeid klFietrt^Cuat.Teicphone" c 
type="teirtng" lengtftelST* 

<\~ Not In Jauorf* modal, but required! 
<FleW WFleld=. m tCiJst.AddTl" dafeuttLdbal^Addn* 
type="feirtag" lQngm=*15*/t» 

<FJeld HFiettfa^fcCiHt Addr2" flMauftLafoat^AddrS* 



typ^^rt^toegtVi*!!^ 



tt=-retiCwrt_SN- table1^tCi«r 



Sakfl =-hC«3t.Cu9lNum" 

Jetton 8d="rB>iA 
iett1^:WRNoteNurn' 1 
oartSnaBty1«"n" canfnc3»V2=*l"/> 

•ddlcTrModeiModeWD" taWe^t^wtft" 
•fiW2=f ^Sym M odetvto* cardJmltyl-H ■ oaitUnattvS-^^W 

<Ro)utfon W=*ns*n3Cust_Fqut* «tbt#1«n£csdp" 
•eld1»f ;EqUpCustNum" taWeStowr 
tddgg^CuBLCoatHufif «dhdHy1=W cardhvamy^M^ 



[0 10 8] 
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<Ftela*on k^Vgln:WR_Bquto'1*te1^'Wort*topQrt* 
le«m= k fcWR.Eqdpmen1Num p tafete2=^fce*iip' 
I eid2=M:Bqijb.Equ!pnismNuinr caranaiywTr 

^?FS^OT&'rc!rr3N_EqiJp* tahteWtaw 
fieidl^tSMEqu^HnantNiim' tibfe^tEqiip' 
f dd^'tEqiUp^qulpmertNuiB" carJnatt/W 
«rdno5ty2=*1"A> 

<Reteflon k*=Tem^yn_ Q«r «*ai=TWortcR«pQrf 
f e!cn='tWH.CustNum > tobli2=1Cuar 
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1. Title of Invention 

A METHOD FOR DEFINING CLASSES OF DATA-CENTRIC APPLICATIONS 

2. Claims 

1. A method for defining classes of data-centric applications that chare 
particular generic user Interface models comprising the steps of: 
DcLtxiniiiiii^ the types of distinguished User Interface elements called 
Tiles, and their constituent elements, required for said generic User 
Interface Model; 

determining the cardinality and relationships between the Tiles in groups 
of Hies called Assemblies; 

determining the logical model for Navigation between the Assemblies, 
and the required user operations on the model state. 

2. The method for defining an application ^eciflcation language in a 
meta language suitable to each said class of applications comprising the 
steps of: 

defining elements which specify the Tile types and ccffistituent elements, 
the containment relationships between the elements, and the attributes 
required to express any referential relationships between the elements; 
defining the attributes on the elements required to express the properties 
of the Tile and User Interface elements; 

defining any attributes on the elements reauired by the Navigation model . 

3. The method for creating cm application system for each said class of 
applications, for development and execution of instances of said class, 
comprising the steos of: 

Custoi jiizliig a generic Workbench with event handlers that reafize 

constraints on the validity of appHcatkm specifications which are not 

representable in the meta-4anguagc. 

Customizing a generic Interpreter, comprising the steps of: 

a Creating ohfect models for the specifications of Tiles, User Interface 
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elements, and Assemblies: 

b Implementing definition object consmxxors that will create object model 
instances from application specifications or fragments thereof; 
c implementing the creation of Ul Model instances from definition objects, 
in a suitable computer programming language 

4. The method of creating applications of a particular class, comprising the 
steps of: 

creating a document containing the specification of said application using 
the Workbench component cf the Application System; 
optionally specializing the said application specification document for the 
particular device; 

encoding the application specification document into a form suited for the 
Interpreter. 

5. The method of providing multiple concrete user interfaces 
corresponding to each saki generic user Interface model, comprising the 
steps of: 

defining a representation on the output media of the device for each 
element of the UI Model; 

defining the concrete user interface for each operation on the UI Model; 
defining additional elements and attributes in the Application 
Specification Language as required by the output r^preaentfltion and the 
Ul Model operation user-interface; 

implementing each Theme as a component of the Interpreter in a suitable 
computer language; 

providing a mechanism that allows the Interpreter to select an appropriate 
Theme suitable for the particular computing device on which the user 
interface is presented; 

6. The method of providing online, offline and mixed operation of said 
applications on a mobile device by presenting to the user the appearance 
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of a response-reply style of interaction with the remote system; 

7. The method of creating variant Interpreters for specific environments. 

3. Detailed Explanation of the Invention 

1 Field of the Invention 

The present invention relates generally to the creation of data-centric 
applications for computing devices, and more particularly to a scheme for 
defining classes of applications sharing common user-interface models, a 
technique for the presentation erf the user-interface models in a manner 
suitable for various computing devices of different user-interface 
capabilities, sizes and shapes, and a technique for rapid creation of 
conformant applications which can be used in online, occasionally 
connected, or offline modes. 

2 RackgrmiTid of the Invention 
2.1 The problem 

Recent technology developments have created an opportunity to field 
low-cost, low-maintenance small mobile ("pervasive*) devices to 
professional and non-professional workers who are not always, or 
perhaps never, within reach of a desktop computer. These pervasive 
devices must be able to integrate with corporate data systems and IT- 
enabied business processes. Furthermore, the current state of 
communication reliabflity , communication costs, and device battery 
capacity make it necessary to support disconnected as well as connected 
modes of usage. Unfortunately, there is a dearth of tools to meet this pair 
of requirements. 

From an application development, maintenance and deployment 
standpoint, there Is the additional problem of supporting a multiplicity of 
device form factors — for example Windows CE consumer devices are 
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available in at least 4 separate screen axes. Micro-browse: equipped 
wireless telephones are also receiving a great deal of attention. Finally, 
the most pervasive of all devices is the traditional telephone; voice 
medium also can deliver corporate content via Interactive Voice Response 
systems using telephone push buttons or volce-recognition/^ynthc^s 
interfaces . Developers face severe learning ramps in delivering solutions 
for this wide array of unfamiliar devices. 
2.2 The task 

Provide a way to rapidly create customizable applications for pervasive 
computing devices. These applications must integrate with corporate 
data systems such as SAP R/3. Further, since communication 
infrastructures are developing both rapidly and unevenly throughout the 
world, the development method must support mixed online and offline 
usage of the developed applications without imposing large discontinuities 
and resultant training costs on end-users. 

The requirements for application logic on these devices is usually light 
because the portions of the business processes executed on the devices 
are relatively simple, and because the devices themselves have, limited 
capacity. 

3 Summary of the Invention 

The invention relates to a scheme for rapid creation of data-centric 
applications which can be deployed on many different types of computing 
devices. 

Applications are specified at a high-level, optionally speciali^d for a 
particukr media or form-factor, and executed by an appropriate 
interpreter. A family of declarative application specification languages fa 
specified for this purpose; these languages are capable of expressing the 
data-model, Integration with corporate data, and an abstracted user- 
interface. Each language corresponds to a particular generic user- 
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interface paradigm, and is used to specify applications that fit the 
paradigm. These user-Interface paradigms are mapped on to different 
devices in a way appropriate to the capabilities of each device and media. 
Interpreters for each language interpret the application specification and 
present the user interface. The interpreters provide the basic user- 
interface framework (navigation model, binding of data to UI dements), 
data-services (validation, inter-object relationships and navigation, data 
event control, capture of data changes), and middleware- services (data 
synchronization, virtual request-reply). The buStnn functionally can be 
augmented by using of common scripting languages and by the use of 
custom object components based on COM or similar tecui lulogies. 
The integration between the client device and the server is reaMzed by a 
data synchronization mechanism built m to the interpreters. Therefore, 
the basic mode of operation is offline. However, rated offline and onlin e 
appHcation usage is supported by toe interpreters' additional capability of 
simulating the "reauest-reBponse" style of interaction ueere expect of an 
online connection. The Interpreters can present this grr*^rnrre by 
ensuring that data-aynchronization is done in near real-time, and that the 
date changes resulting fro^ 

user-Interface without explicit user action as the results beooine available. 
The former condition can be resized fay standard messaging and 
communication services of tins computing devices. The latter condition 
Is fulfilled by constructing the interpreter in such a way that the data 
synchronwsation layer has suitable hooks into the user-Interface data 
event layer, such that server-initiated data changes are automatically 
propagated to the UI elements. 

It is an object of this invention to define a framework by which classes of 

applications sharing a common user-La terface model are defined. 

It Is a further object of this Invention to define a prccess and method for 
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creatine an application development system for each particular user- 
Interface modeJ. 

It Is a further object of this invention to provide a method of defining 
computer languages used to specify particular applications of the user- 
interface modeL 

It is a further object of this invention to provide interpreters for certain 
computing devices that realse the particular user-interface modeL 
It Is a further object of this invention to provide a layout component in tire 
interpreters that realizes the particular user-interface model In a manner 
stated to each computing device. 

It is a further object of this Invention to provide tor offline, online and 
mixed usage of the arolications with the same user Interface model and 
realization. 

It Is a further object of this invention to provide functionality in the 
interpreters for certain computing devices for synchronizing data 
between the device and one or more servers. 
It Is a further object of this invention to provide functionality in the 
interareters for certain computing devices for reflecting changes in the 
data initiated by a saver in the user-interface, without explicit user- 
action. 

It Is a further object of this invention to provide techniques for improving 
the performance of these interpreters on small computing devices such as 
Personal Digital Assistants. 

It is a further object of this invention to define a process and method for 
creating applications compliant with the particular user-interface model. 

4 Prior Art 

4.1 Server-based layout to support multiple device form factors and 
media 
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Pertinent to claim (a) 

These solutions focus on online usage; in some cases, it is possible to 
extend these solutions to limited offline scenarios by use of offline 
browsing. The latter technique has many well-known weakness related 
to presentation flexibility (dynamically selecting and formatting data), 
data validation, data volume scalability (support far ddta synchronization, 
etc), 

4.2 Form languages 
Pertinent to claim (c) 

These languages focus an the User Interface only; an example being 
Celesta SraartForms. They support only simple data models and weak 
integration with corporate data. 

4.3 Voice proxies 
Pertinent to claim (a) 

These gateway services attempt to convert preexisting Web pages 
dynamically a loon suitable for telephones by the use of voice synthesis 
and speech recognition. These proxies must infer and impose structure 
on the Web pages in order to present the large amount of visual 
inforination on a low-bendwidth voice interface. 

With the current state of the art, this approach is limited In its appEcablllty 

and robustness. 

5 Application Model 

5.1 Modeling applications 

We think ot an application as a combination of several related 

components, in accordance with the following model: 

Application - Data-Model + Middleware-Model 4- Business Logic + User 

Interface 

The Application Specification Languages that we define alow us to 
address each of these components, although it is not necessary for ail of 
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these components to be present The Data-Model defines the local data, 
on which the application will act : a set of tables and their inter- 
relationships. The Middleware-Model defines the content of t±>e 
messages exchanged between the client device and servers to accomplish 
data synchronization, and the relationship between the messages and the 
objects of the Data ModeL The Business Logic component comprises the 
pool of functions and the scripts associated with various app lic ation 
events. The User Interface defines the means by which the user will 
interact with the appEcation. 

We further factor the User Interface component as follows: 

User Interface- User Interface Model + Theme 

User Interface Model - Tiles + Assemblies + Navigation 

where 

Tfle - a view of an application-level object, such as customer, contact, 
etc 

A set of interface elements presented together. 

Assembly - a group of Tiles and their interrelationships; 

E.g. a group of views into a set erf related business objects. 

Navigation - model of the state of the User Interface Model and the 

operations on the UI Model, including access, instantiation and transition 

between Tiles and Assemblies; the Navigation state may include memory 

of previous states. 

Theme - presentation of the User Interface Model an a particular device- 
type. Realization of a Theme may require additional "state" information 
to represent the status of the presentation at runtime; this information is 
logically associated with and extends the Navigation state. 
The above equations define a family of Application models parameterized 
by the concrete definitions of the TDe, Assembly and Navigation models. 
The particular Hie, Assembly and Navigation models we choose give us 
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the requirements for the Application Specification Language that specifies 
aroUcadons complyliig with the con-esixmdlns UI modci. Theresultlng 
applications are presented an different devices and media in accordance 
with a Theme suitable for each particular device and medium type. 
In the rest of this section, we present several User Interface Models. 
5.2 MDF (Tile-set Stack Model) 

The User Interface Model far the MDF framework, as is the case for all of 
the Application Specification Languages, is characterized by the 
definitions of the Tile, Assembly fold Navigation nxxtete. For MDF, we 
have 

Tile - Set of UI elements that are bound to fields within a particular 
Business object type. For example, a Customer DetaflTIte wiQbind to the 
coUeettan of Customer, and individual TJ1 elements to fields such as 
Customer Number, Name, Industry type, etc 
Assembly -Asetof Tiles, cafled a Tife Set, or«ar^ 
(or collection of hierarchies). One or more Tiles are designated as **Main" 
Tiles, each of which is the root of a tree of "Sub M THes. ASub-'lTieis 
related to Its parent by a Query on the set of all data items associated 
with the Sub lite, where the auery is parameterized by properties of the 
currently selected item in the parent. This allows, for example, the 
selection of a Customer m the Mam TDe to cause the automatic selection 
and display of the related Sales Orders In a Sub Tile. 
Navigation - The Navigation state comprises a stack of Assembly (e.g. 
Tile Set) instances, of which the top Is said to be <niirent; orily the current 
Tile Set is displayed and can be Interacted with by the user. Logically, all 
Tiles are presented to che user simultaneously; however the layout Theme 
for a particular device may require the user to explicit perform some 
action to access tlie individual tifcs. Such actions do not affect the 
navigation stack. A new Tfle Set instance can be created by executing a 
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"Hyperlink" in one of the Tiles, In which case the new instance is pushed 
onto the top of the stack. This operation can be reversed by discarding 
the top of the stack. Some Tile Sets are distinguished as top-tevel Tile 
Sets; there is a mechanism for creating instances of such Tile Sets 
directly, in which case the stack is cleared prior to creating the new 
instance. 

This User Interface Model, and the corresponding appfication language, is 
a preferred embodiment See Tfcblel for the Application Specification 
Language for this model. See section 8.3. L for examples of MDF Themes. 
5.3 Pervasive Workflow (Dialog Model) 

The "Dialog" UI Model is suited for simple Workftarw applications, where 
the end-user is required to make a simple choice based an a small amount 
of predetermined data at a particular point in the Workflow; this choice 
step can be presented on a mobile computing device. A User Interface 
Model suitable for this scenario is described by the following definitions: 
Tile - Set of UI etemenrs that are bound to fields on the Workflow 
container. For example, the workflow container for Vacation Request 
Approval would have UI elements bound to the Requestor, Date, Reason 
and other fields. 

Assembly - An assembly comprises a single TDe. For simplicity, in 
the rest of this section we do not distinguish between the Tile and the 
Assembly that it comprises. 

Navigation - The Navigation state comprises a single Tile instance, 
designated as the current TBe. The user can only interact with this TOe . 
All Tile instances are available in a pool, which the user can access in order 
to designate a Hie instance as current. The user may return an instance 
back to the pool by selecting another instance from the pool. Hiero is a 
mechanism for the User to indicate that processing of the TDe instance is 
complete, whereupon the Hie is logically removed from the pool. The 
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user may also Initiate a new Tile instance and add it to the pool, by 

selecting from the list of Tiles defined tn the application. 

This Ul Model can be elaborated to manage a Tile instance poul of more 

complexity; for example, the Workflow represented by each Tile instance 

nould have an associated priority or additional state*. 

6 Application Systems 

6.1 Overview 

An Application System provides the ircchorrisms by which applications 
sharing a particular User Interface Model are created. 
An Application System comprises an Application Specification Language, a 
Workbench, and an Interpreter. The Application Specification Language 
defines the language elements required to express applications in the User 
Interface MbdeL The Workbench is Qie mmponerit that the application 
developer uses to create and assemble Instances of the language gWrr^ts 
toformtheawUcationgpecificattoi. The Interpreter is the component 
that executes the application specification and presents the user interface 
on Che computing device. 

The steps to create an Application System comprise the following steps. 
The first step is to define the User Interface Model, comprising the steps 
of: 

determining the types and functionafity of thfi Tiles and any User 
Interface elements contained on the TQes; 

determining the cardinality and relaticsiships between the Tiles in the 
Assembles, and any particular requirements for operations between Tiles 
in certain specialized Assemblies; 

determining trie logical Navigation model, and the required user 
operations on the model state. 

The second step is to define in a rneta-language the Application 
Specification Language, comprising the steoe of: 
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defining elements which specify the Tile types, the User Interface 
elements If any contained In the Tiles, the containment relationships 
between the elements, and the attributes required to express any 
referential relationships between the elements; 

defining the attributes cm the elements required to express the properties 
of the Tile and User Interface dements; 

defining any attributes on the elements required by the Navigation model. 
Hie third step is to customize the generic Workbench, comprising the 
steps of: 

creating event handlers that realize constraints on the validity of 
application specifications which are not represent ab^e In the meta- 
language. 

The fourth step is to define the layout themes for each supported device, 
comprising for each device the steps at. 

defining a representation on the output media of the device for each 
element of the UI Model; 

defining the user-interface for each operation on the UI Model; 
defining additional elements and attributes in the Application 
Specification Language as required by the output representation and the 
UI Model operation useMnterface. 

The fifth step is to realize the UI Model of the Interpreter, comprising the 
steps of; 

Creating object models for the specifications of Tiles. User Interface 
elements, and Assemblies; such objects termed "definition objects"; 
implementing definition object constructors that wil create object model 
instances from application specifications or fragments thereof; 
implementing the creation of UI Model instances from definition objects, 
in a suitable computer programming language. 

The sixth step is to realize the Themes in the interpreter, comprising for 
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each Theme the steps of: 

Implementing each Theme as a Layotn handler In a suitable computer 
language; 

providing a mechanism that allows the Interpreter to select the 
appropriate Theme for the computing device. 
Details of this process are given tn section 8 where a preferred 
embodiment, MDF, is described. 

A preferred embodiment of the syntax of the Application Specification 
Language Is the extensible Markup Language CXML, World Wide Web 
Consortium, www.w3c.org). The use of the term "XML" in this context 
refers to the World Wide Web Consortium specification of XML, as well as 
encoding schemes for XML Into binary or other forms that preserve the 
XML structure. 

Another preferred embodiment of said syntax is a binary encoding of 

XML. ^APBtaaryXMLernxxiing*^ 

www.wapforum.crB). 

A preferred embodiment of the meta-language for defining the 
Application Specification Language is XML Schema (World Wide Web 
Consortium, www.w3e.org). 
6.2 Workbench 

The Workbench is the tool with which application developers create 
appttcattons. Its operation is directed by a document containing the 
definition of an Application Specification Language: the Workbench 
const raina its document browsing and editing functions to comply with 
said language. Not withstanding the above, some customization of the 
Workbench may be reauired to realize document validity criteria not 
adequately expressed by the meta-language to. which the Application. 
Specification Language Is defined. 
6.2.1 Architecture 
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FIG. 3 shows a simplified object model of the Workbench. The 
Workbench comprises a Typed Document and associa t ed Document 
Cursor, a TreeView and Element Attribute Panel for browsing and editing 
the Typed Document, and a number of Previewers for simulating during 
the development process the final presentation of the document. 
The Typed Document component uses the AppEcation Specification 
Language definition to understand the application specification document 
structure and to determine the allowable edit operations on each element 
and attribute. 

The Typed Document component provides Application Programming 
Interfaces (API) to load the Application Specification language, to create, 
load and save application specification documents, and to provide 
information on valid edit operations to the other components to guide 
their proper operation. Any changes to the appttcation specification 
document will be broadcast to all other components, which will update 
their Internal state and displays accordingly. 

The notion of "current element" Is realized by the Document Cursor. 
This component contains a reference to a distinguished element in the 
application document designated as the current element. Any of the 
components, including the TreeView and Previewers, which are capable 
of browsing the document elements, can csxiate the current element 
reference by calling a Document Cursor API. The Document Cursor then 
broadcasts the new reference to all the other components, which update 
their internal state and screen displays accordingly . 
The TreeView displays the document as a hierarchy mirroring the actual 
structure of the document. Ccmtext-sensitive menus are provided for 
deletion and insertion of elements into the document. 
The Element Attribute Panel displays the set of attributes defined for the 
current element. The attributes are represented on the Panel in a form 
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suited to their type and other meta-attributes. 

The Previewer components present the appficatlon document In a form 
that approximates haw the application would be presented if executed by 
the Interpreter, Each Previewer component realizes a different concrete 
presentation (Theme), and can be started separately though the 
Workbench user interface. 

The current element, if said element corresponds to a User Interface 
Element, will be visible and highlighted in each open Previewer. Also, 
selecting the representation of a User Interfro Element in a Previewer 
will cause that element to become the current element; as a result, the 
TreeView and all Previewers will update their displays accordingly. 
6.2.2 Operation 

Tbe operation of the Workbench is described in detail in section 7.2. 
6.3 Interpreter 

The Interpreter is the component that executes the application 
specification and presents the user-interface. 
6.3.1 Architecture 

The architecture of the interpreter is presented In FIG. 7. Of particular 
note is the subsystem entitled "XML Services". This subsystem provides 
access to the application specification, separated for didactic purposes into 
the GUI Definition, Data Model and Middleware Model components shown 
on the far left. At the far right is the Device Native UI Services. These 
fire the user interface sendees provided by the particular computing 
— device, including such things as window management for a device with a 
graphical display or speech synthesis for a device with a voice interface . 
The other components are collectively named the Runtime components. 
• The Tile Handler component realizes the collection of TSle types, and 
any User interface elements that a THe may contain. TDe Instances, and 
any contained UI elements, are created and destroyed In this component 
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as directed by the Tile Assembly and Navigation Engine component. 

• The Tile Assembly and Navigation Engine component realizes the 
generic User Interface ModeL During the creation erf an Assembly, this 
component creates the inter-Tile relationships by setting up an data event 
propagation network formed by UI elements and Data Cursors. 

• The Theme Handler component provides the mapping of the generic 
User Interface Model realized by the T2e Assembly and Navigation Engine 
component to a concrete user Interface. The Theme Hand l er acts as the 
bridge between the Tile Assembly and Navigation Engine on one side and 
the laser on the other. If required by the defined Theme, the Handler 
may invoke Show or Hide operations on the individual Tiles, or 
equivalents for a non-graphical user interface. 

• The Data Event services component provides the glue that ties the 
individual Tiles, UI elements, and Synchronization services together. 
Data Cursor objects in this component realize the notion of a sequence of 
Objects and a distinguished position in the sequence; the distinguished 
position Is called a "cursor** and the Object at that position is designated as 
the ''current object". Objects in the Data Event services component 
propagate events relating to the data-store among the Data Cursors and 
UI elements. 

• The Synchronization services component is responsible for the 
synchronization of the data-stores between the mobile client device and 
the remote server. The component Intercepts changes to the Data-store 
caiginatingfrornthe Tile Handler component, records and assembles 
them into messages which are eventually sent to the server. In the other 
direction, the Syrx±iranizatiQn services component receives changes from 
the server in the form of messages from the server requesting said 
changes, and applies them to the Data-stone; the receiving action is 
completed by issuing data events into the Data event services component 
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corresponding to the changes. 

• Hie Data-store services component encapsulates the persistent data- 
storage of the computing device. Said persistent storage may be a 
relational database management system, or a simpler facility such as a 
Windows CE Database (Microsoft Corp, Seattle, WAX 
The next section goes into more detail. 

6.3.2 Application Document services Component 

The Application Document services component is responsible for 
understanding the encoding of the application specification., and 
presenting the specification in a form that can be efficiently used by the 
other components. FIG. 8 illustrates the interpretation of application 
fragments by the Arolication Document services component. In this 
figure, a runtime component requests the specification of a Tile definition, 
and receives an object representation of the TSe definition in reply. 
The generic Parser reads the Tile definition fragment while issuing parser 
events to a constructor object specific to the element at the root of the 
fragment, the Hie element. This constructor object creates an ottfect 
representation of the Hie defii^tkxninwOTldiigm«uory an the device, 
and delivers this object representation back to the runtime components of 
the interpreter. 

The preferred embodiment reouests the object representation on the first 
reference to the contents of the fragment, and caches the object 
representation in case of further use. 

6.3.3 Interpreter Variations 

An Application System may provide Interpreter variants that are 
spedaBsed for special environments or system configurations. FIG. 2 
illustrates two Interpreter variants. 

The client-side Interpreter of FIG. 2 executes completely on the client. 
Tills preferred embodiment is a full realisation of the architecture of FIG. 7 
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The server-side Interpreter of FIG. 2 executes completely on the server, 
with the exception of the presentation layer. This variant does not 
require the Synchronization services component. On this Interpreter, the 
WAP rnicr obrowsex Theme realizes a Wireless Markup Language* (WAP 
Consortium, www.wapiQrum.org) presentation layer using the native 
microbrowser on the device. The Voice Theme realizes a voice- 
recognition and voice-synthesis user interface; the presentation layer 
here is the audio input and output on the telephone. 
7 Application Development process 

This section describes the process an application developer goes through 
to create an application. 

7.1 Overview of the process 

FIG. 1 shows the steps In creating an application. An applcation is 

defined In the context, and by usage, of components of an Application 

System. The Workbench component assists the developer in creating an 

application specification compliant with the Application Specification 

Language and thus with the application model. Including the specific 

Pane-, Assembly- and Navigation-specific User Interface Model 

The process of developing an application comprises the following steps: 

creating a document containing the specification of said application using 

the Workbench component of the Application System; 

optionally specializing the said application specification document for the 

particular device; 

encoding the application specification document into a form suited for the 
Interpreter. 

The application specification can then be stored in a suitable storage 
system, from which it is retrieved and executed by the Interpreter tipon 
request. 

7.2 Details of the process 
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An application specification is a XML document that conforms to a 
particular Application Specification Language. Such languages are 
specified in a meta-language such as Document Type Definition (DTD) or 
XML Schema. The Workbench is an XML document editor that assists 
the application developer in creating the said document by providing 
document validation and context-sensitive editing compliant with the 
Application Specification Language. In the preferred embodiment, the 
XML Schema meta-language is used. 

The developer creates a new document by invoking a New command 
from the Workbench menu. Subsequently, the developer mocftflesthc 
document by adding or deleting XML elements, or by adding, modifying, 
or deleting attributes of these dements. Operations on elements are 
performed through user-interface actions on fee Tree View, while 
operations on element attributes are performed throtigh the Element 
Attribute Panel. 

To insert a new instance of an element Into the document, the developer 
selects an element in the XML TreeView, and invokes a popuD-menu, 
Prom the menu, he specifies whether the dement Is to be added at the 
same level before or after the selected element, or as a child of the 
selected dement. In the example illustrated in FIG. 4* the developer has 
selected the ListVlew clement and spedfied the faisertkm oif a cMd 
element. The Workbench responds with a dialog box showing a list of 
the candidate elements at this kx^ticn the doaim^; fee canifidate 
elements are determined automatically by inspection of the Application 
Specification Language. 

To set the value of an attribute of a particular element, the developer 
selects the element in the XML TreeView. The Workbench determines 
the Hst of an possible attributes for this element by inspection of the 
Application Specification Language, and displays them in tl*e Element 
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Attribute PaneL Information, on the type and other meta-attrlbutes of 
each attribute determines Its visual appearance on the Attribute PaneL 
For example, an attribute defined as an enumerated type cuuld be 
displayed as a dropdown list containing the set of enumerated values, as 
illustrated In FIG. 6. 

The application developer continues in this fashion to create the 
application specification document. In one preferred embodiment of 
the process, named "prototyping", the User Interface portion is created 
first in order to gain end-user understanding and feedback on the design, 
The Data Model portion is created later. In another preferred 
embodiment, when the Data Model is known a priori, its portion of the 
document is created first, followed by the creation of the User Interface 
portion. 

The prototyping embodiment is enabled by the Previewer components, 
which are capable of approximating the presentation of the application on 
the Interpreter. A Previewer component may effect this simulation with 
documents that are incomplete and therefore not capable of execution by 
the Interpreter itself. Since each Previewer realizes the simulation of a 
particular layout Theme, and since the Freviewers can be displayed 
simultaneously, the developer may confirm the presentations of the 
application on each of the target devices at the same time. Since the 
architecture of the Workbench also provides that any changes to the 
application document are broadcast to all components, the confirmation of 
the presentation on each target device can be done while the application 
is being created or modified. 

After completing the creation of the application specification document, 
the developer uses the validation function of the Workbench to ensure 
that the Interpreter can correctly execute the document. The validation 
function is also driven by the language definition. 
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Finally the document is transformed and encoded (see FIG. 1), and then 

stored ready for use by the Interpreter, 

8 Mobile Data application Framework Application System 

In this section, we describe a preferred embodiment of the Application 

System, the Mobile Data application Framework (MDF) system. 

8. 1 MDF Application Specification Language 

The language corresponding to the User Interface model described In 
section 5.2 is given in Tablel. 

Table 1 is the MDF Application Specification Language is an XML- 
compliant language, and is defined by an XML Schema (based on 
Microsoft realization of the draft W3C standard as of the time of writing). 
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<eksnen} type-TerametefSetetor' 

4- Model tie retettoneftlpB tfutofy -> 
<Seroen(Typ« name='ReiaIton l cofrtMfe^ftOntyV 
<ACr1bu1ftType namsstftbtoV dttypeeldref 

GXtrofType-Tafa^/^ 

<AttributeTVpo name-ldbkO 1 c 
cxtrefT ype=TaW#7> 

<AnribuleType name 
extrerrype=*Hekf/> 

<AtributeT\mo namWfWd? dtfcyp« tfcrf 
CKt:rcf7ype_ ? lW/> 
^«ribirteTyMramiiWioanlno«^r dl%p^anw MWM f 

a.-vaiues^i nys 



<AttributoType name-VQpondenK»|ec^ 
c*rtype°'c^cnertttiDt7' dtv»tuos=^taWe1 WUB 

<arci5ute type=*T reqUred ^VeeV b. 

<8ltmxJt© typestsbtel* requimWyeO> 

ottrtoute typeatabte? requbock/yM^ 

ganrtouta typ^-ftewr reqMred.Wfe- 

<«nitxrto typ^ffe*!? reqi i md 

<anrtCuiB type=cerainamyr required*****. 

<enrtxn© type^cardinaev? required=>egk. 

^ttrt^typ^tteperw^lOb^e*' lequfred-'ftdVW 
<JE)emorfType» 
<Attrt)trtBType nam*-p*^ 
«dyefT>pe^R8laflDn MatoHre SUTTir 
exttBtScopa=-Tiesetr> 

A BubTlrti owoHeid end parentFteJd are r 
attribute Ink whkfc references the c 
Toe pk coram** ts usbo 




<athftuta typeWld* reared V— T» 
<atWbute lypo^'baseTsbV requtad^. 
— * — - - 1 - — ulred^yM7> • 



<aiWbatB type-'beseReicf requtoed^yMtt> 
-cattrtbute typeWrefenlngTfihtf reqi*ed=>e 



^AutxifeType 
extvsTFypeo'Ci 



<AttrtxilaT\^rw>^tfmWdb%» 
: Bcmon nypa ndree^alueLb^tnewf conn 
^attributo wpoa^VBh 

«Be mw f Ty pe » 



<Efemanfr«p» mmo. VthioUrt co«i«rt-*«ftOreY». 
^«nie n^ge» V nl wil j mR n m cnf >ntaOccure=/r 




^XSSuteTyp name=upp«rBouncr 

<AimJBT5fp« namBa'upper" 

dttypectnolean* def»uft=n*i» 

^attribute top^lommmma req^>d-W 
extdeeortpSoo-'Not present meene no* boM*dV> 
<Httribute lyp*=tororBoiffidtemclu8lv€* mq^edo'hcfjS- 

attribute iyp«»^ippsffBowndMndraw wewlred 'noV* 




•cEfetDonCryps m 
<at Irt bute lypa= 



tdReW nequlRx}^Ver/> 



<attribute typs^tvpe' raqulred^>etf/> 
<aftribulH typemlangth* rcqulrw&no^ 
<alWbuto typc-'detJmalLaioJh 1 nqi**Wi*J> 
<rttitorte lype=tlefaiittuajrf iquksd^VS 
<AnributaT\pe nama="nuttsAiowe<r <r^ 
<A!lJlbuteType rwrre-'a utaG enerete 1 
dttype='eninmeraforf dt va(uQ«='no tntoger € 
<attrtbuto type-VuiBeAltewed- requlr^W < — , _ 
<etfaft>jte typestotoOenferare' requlrecfaW delaU»^nof^ 
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<elemwt typ^ComarnChecx* rrtoOociaa»V 
ma*Ocajfa~TA» 
</ElcmenlTyp^- 

<Qsrnerrrrype name=*in<iex* t^ntenfr=%npty*> 
attribute typo-YciRckf reqiifrecfc'y*S*/> 
</Elem«nJTyp^ 

<AlL fLm teTypo name^extemetKey dUype^KftaT 
cmeTrype='FfeW exrreiScope=TB*aY/> 
<FJementType nama^Tabte" ct>ntent^WIOnty> 
<atlrtxrte typ&=VfTcb)e' requineds^MT^ 
^attribute typc^'dsn' require<WyeeV 
<attribute type^xtematKey neo^Jired=*d> 
<©temsm iype=Ti8W mmOocuis^T ma<acQurW/> 
<etement type-Tretex* rairiOanjraWtft> 
</Bemcnfryp*fr 

tQemwrtTyp© nemo-DataModd' 
sxcfraginera^tV 
<group ordef-'rnariy* rntnOccan* 
<eterneni type^Tabto'^ 
<«Iomem rypo-'RotaaofdV 
<tooup> 
^(•oisnfXype* 
<i- end oamModd ecrwnia-> 



Currently supported: 
Chsdoaues. m tie data mooM 

To do: 

Complete modefitag ot corWebj 
Add tupport fcr popup tafnn 



support (see ofier dedatdocumentoltm): 
Rules of form: if CNF(primnk*e constraints) than 
setOf(FWd t Valu«) * S*Of(VarfaWs,Vslu©] 
Prirnlhra oonaVnint (fieti;operalcr,va)ue4 

Tradeoff between VBScript and butttn lumiforaily k: 
• buttin te deckuralvB -> can be understood and 



- compfairity of program we genera* 
♦ strnpffctry of customization vs. 



Support for eoSpOnn 

keep simpts, to ease topic mentation, and aai 
va lemon (txn reduces error-cnecWnQl> 
return value has fixed name In oaftee 
script woal support type*, so polnftan to ft 



lose Pert* ike cafflng i 
parameters nave fixed nan* 
«=> need to wort out reqJremants a bit I 

Notes on IE5 eupaort: 
- ? enumerator type not supp o rte d 
rnodeKopen'tsdalauR 



<Att1bUaTvpe nerne-'deiafjeW' 
xtre^ype^RexT extdalaWncmj 
cAttribtieType n*me='parenl - 
iXLTBrrype=:rWrTT> 
<AWbuteType mm*tex1Bf dtfcjpeWtarar 
S9CtrsfType=Soit9pad/» 
<AWbuteType nanje-^nufMnea' dt*pe~ t boote*rtt> 
<At!ritna8Tjpa nenw=^avtgsitonBar dUtyps TT0r»gat> 

<AWbuteType name^lBber 
cAtfributeType 

<AWbuteType nerne-'navJcate* 
cAttributeTypo rinnie^iwdoniy* _ 
cAttUnaelype r»ineelnand*tor/ 

<!- For eteew* Row -» 

<Anrtbuk»1 
^Attribute" 

<Atw>uteTypa n&me^'tJlgn' dttypea'u mn mwB m t 
dlrvajues-Tefl center rlQhrexlJaycubJaJri^ 
-cArtfeuteType namsWhspace' dfcfypsWta f 



ralorc'MS 
'Adoxl'^ 



<fTCOATA{ 

One way of handMng Ccmptax ta 

^Complex ia&e^'AddieasS 
<6ro«p comprcss-'y 
<£omp<exSub c 
<BreeleV 
<CorapJax4kjb d 
<BreaW> 

<6roup compressives* asparatan^. *> 
<ComplexSub datafiekJ"CtV/> 
<CompiexBub datafleld-fleflk3n?> 



<A3roup> 



_ .)© nams^Kme* dtJype^W/y 
<Atutout«Type name^texf dttypecWrtnrfrS 
<AttributeType namo^'refTfte' dtrtypeMdref 1 
CxtrafTyp»- t lTfeV» 




-cArkfeuteType n 
•xttayauWafrV 

<f- For element <3 rtdPags -> 

<Att*uleType 
axblayoia^ 1 ^ 



<At«buteType rwrne-.'octe' ttjtype-W «d±ryooVs«> 



<BernemType 
extdayout^aJrV 
<aftrtbut»Vp» c 'cof/> 
^attribute Vpe-<ooisp«ftt»- 
<nttrfcute Vpec*o%\'/> 
<anrt3ute Vpe=Tispaca*> 



XayoutAttf ccnianu-altoray 



<BsnMrtfTffpan 
txtdeyouWeiv 

<aflrtt»ute tvpa«Xo**i!> 
<aWbute type-'wrap* reqUred-yae* defealt=T^ 
<slement typee'Row' rninOocurss'O' « 
<®©menflyps»- 



<attrfcutet 
<q roup ores 

<efanent typeWinllaaOaaa^ 
< element type~T^*icfonGaX7y 

<FBaaitnnypa> 

<AIWb*ja3Typ© namec-Jofmar dttypo=ns«nnfl- 

octt ai tt4ataoe=1Y> 

^^u^^^rne-lwidUsr dtivpa-ldraW 

<Syw>nrrypc nerT^Capaonr>> 

«attribufc type=ionfner' requfraaVyaatrV 
<atwtim rype=-r)ft«Lisr reqareo^no*A> 

<^EJemer*Type> 

<BemenrTyps f^m^Vot^CaattonS. 
<ii tribute typ©=tormaf requlfed-Ve«'/> 
^attribute typtelleldUsf taq utf ad-VaaVS 

</Eleinannypa> 

<J- Titaeebu Tlias, efc. 

<AttrTbuteType name-\t 
dtvnJuee-»1 2 12 a 4 94 1 
^AttrfbuteTjrpe namectitepto/GHOup' 
<Elemen1Type mnje**SuoTBe*> 
<artrfbute type=tXle' reqis>«oWyesV> 
<attrBute type^ld' rsqtirwWno 1 ^ 
<attrfbule typo-'refTIa 1 req uSecJu*yes '/> 
<artrtbUe typeslarpetFrafne* recniredWyeBV^ 

<an route bype^'cfsplayGroup 1 requtBd='no'/> 
<altrfeUe type* ^ rent RelattorTi reqtirwVyM^ 
•csttrfcute rype-'sortBy' maJfeoVno^ 
<etfrfbUe type-Mai bte" reqiareoVrio* ctaiwaW1*f> 



r^taUb^noanafA 



± ^ m ^e_>_ _ _■ 

( «/pa»voioacapaon < 
typtegotmatA> 
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^attribute type=Vf reqUrett=Yio , £> 
<anctrxJTB type=terrae' recMJe*=*w%. 
<aitrfbute type-TaroetFrannB' rBqutedVyarifc. 
<mtrifautp typ^ttbfMayGfOup* reoUrecHtaOfe' 
•cattributs typ*-'»onDy J nscMrtx4-W>Y> 
cdcmcrrt typet*Capftan' nHnOaou9at> > mmC 
exfceBcrtptton= Overrwes We afiributa> 

<eJement t/po=Voic8CEption' mlnOcajraaW 
maxOocuta»'1 ' Bxtaiescriptortx'OvefTldes tife 
- - IW 



-c«Jomorrt type-'Sub 
</Elemenfrypo> 
<Benranrrype name=>'DalaCanti*> 

<altribute <yp<**tatefteti' roqufeKKye**. 
</Bsmanfrypo» 
<AtMbuteTy f >a,*amo^^ 
<BemenfTypa naree-' Goa i ai tf > 

<al tribute type=*f re^e<WyiK> 
<aibttXitd type^'daiaJiekf roquho^yovVV 
<atlrtbute typo-lmpcrtanoa* reaja»aa1 W 
defaulWrtormefl^ 

<awlbutoTjrpo« , Oisp&ycliafataart' roqiinKfnew 
<etemsm ty p8=incfrecf mlrrOccura-'ff mnxOonia*T/j 
<etemenl type=Vote8Capttoitt> 
</Q©mantTypo> 



<S- Nexi ore arivtao*; may be ownMan fey 
Engr» component! -> 

■ nitrt-iimtypn nrw» 'mtonUiJayThaiwaai 
<ft*ypa-*r£ 

<sememvpe namaWLat 
extconttoWIV 

attribute <ypa-W f a qufci a W yee yw 



naqufad^no^ 



<EJe mertT flpe 
extxxintfofc i > 

<*-*Exteods<DBteCor*^-> 

•eattributa type»labef saqufaac 

^attribute iyporVf requited^ MTV 

cattrtbute type="dataftftf — " £ 

attribute ~ - - 

«l- <atw 
WHAT IS THIS 

detaun="normarfc» 

attribute type-Vesdonfy' reqiirec^*nrf (tatajfeJOfe 
<attnbuts typ*= "mandator/ nsquirvc^'rw' dafaufiWOy> 
attribute type-'muttSnea' required.' no* deauA-Vfe 

«otement typ&^ndirarf mfaiOccur*=ty hmmOcgufWI^ 
•cetemem Kn*>layoslAtt' 
maxOccui^lVi. 

<eteawrtl typ eaflS r en fr 

<extSippoos 

<ext Supports 
<ext Supports' 




ottrfbut© typo-la Def r«qtaTweWiirt*» 
-attribute typc=W reqifl'redsyaaV^ 
<a1tr[buto rype- oatefleW requlred^yetffe. 
<^tribute_^=^inDlspiayCharactertf rmj 
<AttnbUetype nar 

^attribute typ©-*ah< 



- <attribute type-^pe' mBJYixWK)' 4 

tisthispSr?^ 



datau^ 



^attribute typo-*np<w%wo9' 

"normaffc. 



*©Uwncnt tyrp©=1ndlrecT rafoOooum-Ty 



<(- OptknGroupa and 

<E)groeafType 
axueoi VOfsr T> 

<£OTbutB Vp^laxf 

frafTtta' roqiartxWno' «*fctta ae»ta>i Wn» 
» pamnl «f 1Kb OpflBQ 




<At»tn»eTjpa names Ueftur rJLttpa='au»>tf/> 

<ElememT\p« nsme='Opt)orK3roup' exUD0fiftifc/1V 
<al WbutB VP»=Tft*a' radioed e 'no**» 
<*ri tribute type* w roquWd «>aWfr> 
«a»fema fcfpectotaflaW rn juhuU fj—'/j 



<&ttrfeut» VP^^inOlaidayChamolDaj' 
-attribute Vpo=5«tautt r r©qulf«Kw«> 



^wuwuw UVIWU44 r OWfWCTUW ■ 

<etement t/pe=T3p0on* mkiOocUfa^T ni)OcaK^"fr 



ottrbu ta VpaeVwvfeato 1 »aqiAa4 aarfa» 

</ClamenfT|pe> 



TatTMe' recaAnwfcayaaa^ 




cOemanCTy 
e xfc ccn tw avry 

^^EXtand8tOatBOoatoQO-a> 
<attFtxite ype=tcxr TeSfiad Vyat^ 
<attrtout9 ypo^ltf recB^d^MRT 
ottrtxjte fyp©-\tetaficW roqua«aWyaaV> 

<lai&tJteiw?MflT> 
ottrtwta VPee*readoray i 

«srttrtouta Vpo=*n*iDlcpte, _ . „ , _ _ 

<atemait a/pe.'OnFttba 1 mnOccimv m tT dObCuiaWlV^ 
•cetement typB="OnTrue" rntoOociFS»tr meMDco»i»»/t1fe 

mB*Ocxars=?17> 




<agfcutt type»TBber ajqefdi W/j> 
<attriauta Vpe=W recutocfe > yaaf& 



<fto*ut» vpas^nandaiofy' Paqaa^KWdtaaaM Wfc 



«celem«rt 1ypoa*tnilrBcf w*yOoaMm=Xt wapBCWaWIV^ 



<«em«mypa> 

e j^frj«gjjpe na«>e«Oete-Rme' coraBr^'fltOay 

^^Erf«nda(DflteOoiibafl-*. 
<ailrftw1e a/pa^V laq^nad-^yaa^ 
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<attrtHJt» typeslniportBnorf requtnaaWM 1 

<a\tribute type-'readony req^red="no* drtaJ**XfJ> 

^attribute typo^mendatGry* reqUraaWnaf t * ****' 
<attjlbute lype^'fabef reqtfre0=*ntfA- 
ottribute type='minD " 7 M 



typed- 

tlyp*=l*yOulAi*r*n 

<©xt SupportsTVpe fte«Typfcitta«rt> 
<exLSupjx>rtsType fieWTyp«=^fcn» , />. 
<6x1:SupportsTyp« fielaType- , d*to*n»y> 
</Etemonnype> 

<t- Special controls: Addrats 
<Attribute"Typfi nemesfeddrt ' dttype='**ia¥» 
<AttrttxrtoType name^addr*' dttype«*tiLrir»V^ 
^AftrtbuteTypc name -city 1 dUypo='s»inj<Y> 
<AtirtbuteType name^'rog5oo' dl:type=*atrtncf£* 
<Attrtoirt»7ype namta'country" dttypeVstrinrt^ 
<AftrtbuteType name ="postaF dtty po=^Wntf2> 

<Etom»nfTyp© 

extxontit^n V 

<!-# Exicnfis(Da"5QCcmro<)— > 
<attribute type=1d' roquire*^y«i^ 
<attrfcirte ype= Vnportanc*' 

delay aVnomuife- 

<al tribute typ^'reedofTV reqiirMKno* c 

<attrfbute type^'mandatory* reqilrac^'no* C 

ottrlbuto typB-TninDispteyChamdcra' reqtfncM&ov> 
<attrtbutA typa-laher reqi*v<WW/> 

ottribule typ*=*5abdrl ' reuulod ftvH> 
-Aiwbu© typo='acklr2' requhwKno'iV 
<attnb«e typs='dtf reqtfrwWno7> 
-ealtJlbute typB^'r&cion' requ*»aWno J i> 
^attribute typ account ry* nc**to&n&b> 
-attribute typa-^tal'reqiiett'nofr. 

<etement t 
</BementType> 



Mender A OeyGohedulebe Mnketo 

or T»e»? -» 

<Etemerrrype nam«=^MonttVO«lsndtr cantot*='*XMf> 

otlrlbuie type=ld' requlre<Vy»«V> 

oUrtbutfi typesttatarterd' roqufceeV Wi'A 

<ext:SupporteType 1eVTTVpe-»dtarteVb- 

<sxi:Suppor!flTyp« tafcfry je* ' da t «ffWy > 
</eemfinffype> 

<EtemertTypa najne=TOBy Schedule' cen to w t 'etOdyS 
<at tribute type-Id* toqufrocW yaeV 
^attribute typ©=*dst8fiakr rep irh' v^^Vv ■*/> 
<exfcSupporrsTyp* fleJdType=*GB»6> 

irtstype fieUTip8s1dtti«nitf/> 



-cAtributeType name-'tfaptoyf=onn«f dMype=*etinQY> 

<EtetnentType narne=*CompfexFtoltf> 
catlrlbuie type=*W requirude>eaf/> 
cattribute lype= , dabieU' requtratWyMfe. 
czttribute type=type' requ]red=W dateutWi 
«atlrtout»lfpe-~ 

<ei tribute type»*raadonl/ raquirecfe'ntf ctefaj**«07> 
<at tribute types'irandalory' lequbK&no' dflfauUDrV> 
-cattribute type=MnDtsptayChJur»c*efw' mqulredMtoo'A* 

<ettribute type— "dsplayrcitvwf requJreQWyeEflr> 
<group mrnOccucssT maiOccuws* ofd e r W tatoiy > 
<J- element type^T/ataConlrof -> 
«etemeni type^Addree*^ 
-oeiement type^TJateHmeV^ 
«elemenl type=Checkaoe3fr 



typ e= 1 CotnboOoxy> 
element type^ComptoxFtoWV> 
<etener* type^Me«»V> 
<etem&r* 1ype-T>?foflGfQup f fr> 
•^element Vpe=TextB©x7^ 

<^Qoiri8nnypfl> 



<i— Coniinande^^^^" 

<AttibuteType nomo-'commend dtdype-^enu 
dl>aJu*a=taxdoc telephoned 
<EtementType neine== f St>uidafdConimttKf> 
<amtxrte VP^tOfWT.antf reqiir*d=y»*y> 
<etemert typta'Argureenr tnrnOocureartfe 
</EtomontType>- 

•rEleroentType nefne~'AQdbiCo(iHaendV 
<anrtxrta ype=Turx*onr\iaine' required 
otemert typ&tfiaganmt mlnOoone^l 

</Etem«r»n>p»» 

<AttrftuteTyp« name=\)pMenu* t3tlypW«rhtrt> 
<EtenientTVp« nemo=*MenuKem" conlsrtH > iBitOny> 
<stMbut&1yp6=Taber requi»<l^y« , A> 
^attribute toeatapMeni? wqir<n^h t yiv> 
<yroup ofosfWoneV 
<e)ement typeW'Stand^fJCommarrdyy 
ceierrterrt typB='AdbtiConmiin(S/> 



<£temenJTyp» i _ 

caUftsplayUnft-lneipabia' RittHflyout=ar> 

-cgroup nrtnOccujs= , 0' maaOccum=- ofderWfnen/v 
<l~ element lypecOatoODrriral' «-» 
^eloment typa-'Addntfl^ 
^dement type='D«to7Tme^S 
<element type=t5t»cW03f/b. 
<etemem typ3="Ccmboaox , /> 
<element type='Camp)exFMfr> 
-element typ*^."M«nioY> 
<o*craent type=X>ptk>nQreup , /> 



1 . Ill JM» . 1 J 

nnrrw^r'eme cot mill— ctBjruy 

exWrsptoyJiTlH-"'--'^"'' ~- — 

<att*utet,^_ 

<at«bute6pe=W raqukaWyM* 
extricecTlptiar^nJsed v tie Page to not meiyecT/> 
<gn»up rrinOocuEa-V moxOcsurs^* 1 mJei-'many'y 
<t- Homer* lype^'DetoOanfrar -> 
<etement type='Adctiee*rV 
<eJement lypo-'DdeTM^b- 
<element type= : > Chede3ox , rS 
-cetoment 1ype» l CofnbeSo^/> 
<eteiuent typ©^Corcpte5<=WtlT> 
<Dtement typo-'h — 5 
^element typo-t 



</Qetn9nfTy|te^ 

<BemenfType nBme^Ta©' corttent= , ellOniy 
xtd iBpiay urit=*u nme rmbte' ext^ragmanWIV 
<ettnbute type- WTU' i nxpk9+fy*rt> 
<altribute type-VvfTebto'. requiredr^rtfe. 
</Qemennype> 

<EiemenrtType nerne^FrameTlte' contenH9lK)nV 
extdfspiayUriU^jnrnsnnbJe' cxitragnwrulS. 
catVfcuto typo-Vfnte' roqulrocWyee i />- 
<etttrute type-VefTebW r«quM>W/» 
<i-fExte«toCnte>-> 
<gnoup ninocajievr m0m ^m t n f> 
<etenaem type^V«oer/> 
dement typa^GrSPage' f> 
<etoraent type-^CvM#tondtof%» 
«ataraup> 
</BemenrType> 

<AttributeTMpe name-UeftuttSaeicliFtakf JL Vf ^Wr e 
e^refTypes'ReJdVS 
<Semenrrype nftmewiWtoWTBe* con ton b » ^ i lOny 

ejiMlapiaylMta^inmeinabto* extfraqmetHatV 
<atmne type=TOTWreQJlna(WyB»vy 
<Brtrtoute typeoVerrabte' reqursc£=W/> 



mexOccura-'t*^ 
maxQoar*=>Vf> 
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<t- <elemare «ypas*SorGpaC rel 
maxOccu jb-^A* -> 
-d-#ExtBndi<nta)-». 
<gnoup minOccwiWI* wpOBqwaPV 



<!-*»* these two Field a „ , 
MainTie table w? are mantpdgfag ** -> 



attribute typ^WnFtotfrwyhil >a»y» 

</EiementTypo> 

<i- Sei field to new obtad -> 
<BemorrfType noma-JnetdVaJua' corMM«°W>aNU 
attribute type-yeslFTeU' requfcod-WA* 

</EJ€mentrype> 

< Attribute Typs ac 
GXtrufT ypo-Tia'/S- 
<Bemenrrype neroo-OnttaW <x*fenb^attOr*Y> 

<atim*ite vp©=tr^ — - - — J — — ~ 



<^onwitt|rg»=iCofyne!tf 



maxOccun*-* - 

«sJanMnt1»rpa-» < F 
maxOccum^A* 
</Etemen(iypa» 
<QGfnertrrypfi naroeaTXiQopy canbRMK 
oitrfbute type-VtestTiteSef requtwfa-^A 



oJemenltmTlBM 

maxoeajra=r& 
< /Eta aon t fVpa» 

<Bflme*rtTyp« wa aa -T Bafiaf ea w j an l rt aM OaaV 

etdxtsplayUhlbAjnnrieraaMdS 
ortrtDine type=in>e T ream 
<attJtoute typfeW require 
«atti*DiJtfi iype=VefMod*/ 
<attrtme typa^^^prtanBa^ 



ifcufe ype^teadona/ nq/M&OBW Mnm^f> 



m a xOcc m»T *lY» 
maxOca*BnT& 



•cEtamenrTVMMm^n 
«gnwp nunOcoures*!^ 



«d~ Shnmbta atement pool* «^ 

<EternennVpe name=^rahlear c . _ 

^element typ*=TaMa' ***Occts8^17!> 
■c/BemanfTypav 

<EbroanfTypQ iwna-/Tloe*conlanl-MOn^V 
^jroup rnnOccura=T onJ e »- r H ierw *> 
<eiament typo-UsmaWTBa* 
<otomsnl type^FramoTaaf/> 

<Eteniofiriypo nMMs 
<group nunOccLff&=> a or> 
<al«nom frpe»TunobWA> 



<ArutbuteType 
extmlnL©firtb=3* extmaxLenott^l &t> 
^^^utel^pa name^ctuctuMkr dbtj 

<BementTypt nama=^ct 

<anntxii8 type=**njcKirew . 
attribute vp^TEftaWa- roqutnaeWyaK 



roonfTvpo na ms-'S cenarioV 
ii bftuita typ©-'co*narfoNwno' i 



■ceJemorrt ~ 




<EtenK3raType ri ^ 
<atanienttypBs^8oBnaft(^ t 
mcxOcox»=-^ 



<amt>uie iypesHie 1 requlred*>erfA> 
<altibut8 type^TconFie' requkwfctaj^ 
^orocrrttyp^T - - ■ - 
/fifeV 



fUBXOOCtfUe^ 1 

<ejeroent typOaTTtetf mhOoctira^T 
<e!ft/Derrt type^'Functiorts' 

rre*Oocura^Y> 
<e!emenU 

maxOectx*=T 
<e©arartTypa> 
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8.2 MDF Workbench 

The Workbench for MDF provides context-sensitive guidance to the 
dev eloper driven from the MDF language definition (an XML schema) . In 
the middle of FIG. 4 you can see a popup window responding to the 
developer's insert node" command by displaying a list of candidate 
elements. The list of candidates Is determined by the Workbench by 
inspecting the MDF language definition. 

In the bottom of FIG. 4. you can see a Preview of what the application will 
louk ake on one of the supported layout themes — in this case, the 
Handheld PC. The Workbench provides screens that approximate the 
look and behavior of the Themes in order to help the application 
developer visualize what the application will look like when deployed. 
8.3 MDF Interpreter 

The generic interpreter is described in seclior 1 6.3. 

Step nve, the realization of the generic Ul Model, of the Application 

System creation process described In section 6.1 can be performed by use 

of an object programming language such as C++. Similarly, step six. the 

realization of the MDF Themes can be performed by use of said 

programming language. 

8.3.1 MDF Layout Themes 

In this section, we illustrate the independence of the UI Model from the 
device-specific screen layouts (Themes"). A angle MDF application 
definition is shown with three graphical user-Interface Themes: Half-VGA 
Handheld PC, Palm PC and VGA Handheld PC. applicable to the Windows 
CE (Microsoft Corp. Seattle, WA) devices with corresponding screen sizes. 
1.1 Handheld PC (half-VGA rise) 

The half-VGA Handheld PC (240 pixels high by 640 pixels wide) screen 
layout is illustrated in FIG.9. The mapping of the generic UI model to the 
Theme is as follows: 
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(a) the U tie 8 of t±je top-level 'Ille-Set assembles are displayed in the form 
of a Navigation Bar on the upper-left; 

(b) the Navigation Stack is exposed as a list on the lower-left. Clicking 
on an entry will remove from the stack afl entries deeper than the selected 
entry. Additionally, a backward-pofating arrow will remove the topmost 
clement from the stack; 

(c) Lis tView Tiles and Frame Tile Textbox elements may have associated 
HyperHnks. Clicking on a Hyperlink invokes It. creating a new TUeset, 
which is added totfretopof tteNavigan^Stacfc. The old current 
TUeset is hidden and the new one displayed. 

(d) the Main Tfle of the current Tflesct is ehown immediately to the right 
of the Navigation Bar in the middle window, and the Sub tiles are shown 
in a Tate trip at the right: 

1.2 Palm PC 

The Palm PC (320 pixels high by 240 pixels wide) screen layout is the 
smallest GUI layout supported by the MDF prototype. FIG. 10 illustrates 
the visual appearance, In contrast to the Handheld PC theme, fee list of 
top-level TSesets is accessed through the Menu, instead of by a 
Navigation Bar. The Navigation Stack is not exposed as a visible control 
although as in the Half-VGA Handheld PC Theme it can be manipulated 
via the back arrow on the toolbar. The Main TUe of the current TUeset is 
shown as U*e leftmost tab In the Tabstrip, and the Sub Tiles follow to the 
right. 

1.3 Handheld PC (full-VGA stee) 

-The hill VGA (640 pixels high by 480 pixels wide) screen layout allows 
more information to be displayed on the screen at the same time. FIG.11 
illustrates the visual appearance. We therefore move away from the use 
of a Tabstrip to organize the Hies, and instead display the Tiles 
simultaneously in one or more fixed locations or "slots" on the screen. 
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In detail, the mapping of the generic Ul model to the fuE-VGAThernc is 
gjTrtlnr to that of the Half-VGA Theme; steps (a) to (c) are the same. 
Step (d) 13 replaced os follows: 
the screen is spit Into 4 areas called slots; 

an additional attribute, the targetFrame, te defined an the Main Hie and 
Sub Tile of each Tflsaet, This attribute specifies the. Re'; of skits which the 
Tile should occupy on the screen; 

on Initial display of a Tile Set, the Hies of the TUc set ore examined In 
order. If the slots specified in the targetFrame aitrfixile for Uie Tile are 
unoccupied, Ihe Tile in displayed in those dots, otherwise it is not 
displayed at all; 

Tiles that do not occupy any of the slots are displayed In m in i m ized form 
as captions in the. overflow *rr*a* at the bottom part of the screen. By 
clicking on one or this captions, the user forces display of the associated 
Tile at the slots specified in its tareetFtame attribute, and removes the 
associated caption from the overflow area; 

when a TUe Is to be displayed because of said user action, the screen slots 
it is to occupy arc removed from the Tie or THes that are. currently 
displayed; 

if such a Tile no longer has the nii^^ needs, it releases all 

of its slots and displays itself as a caption In the overflow area: 
otherwise, said TUe reduces its displayed swp. tn fit the slots it Is currently 
allocated; 

theUI elements displayed on aTIlc may vary depending or. the number of 
slots allocated to the TUe. For example, the columns of a UstView TUe 
liave an associated importance attribute that is used to determine which 
columns to suppress in order to fit the available space. The illustration of 
FIG. 11 shows the tipper Customer List reduced to half width In response 
to Uie co-optlne of the right half of its eiot allocation by the Customer 

Detail TUe. 

The foflowing is Table2 which is a simple Service Management 
demonstration program, defined with the MDF application language. 
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<GUI xmlnss"»«chenjaAppJteatlDnSch8majaijr oETST 
GUI Defintttan** 
<DfltuMndHb. 

<l- Code Tabtes ~> 

<Tabte kfTabl8=Tc:SN_5te»B - ctert=^SH_SWu^> 
<R«W WRetd^SN.Stelus.Cocte* type-'bttocfA- 
<Reid bFlotd=tSN_3telLO.Texl- typcs-3Wng%> 

</Tabte> 

<Table WTebte^tcrEqu^^Type - dsrfEquip Typ«r> 
<Retd UReW=^.Equto_TypB.Cod©' typel>cl£ifl"/b. 

</Taue> 

<Table ldTabie=ncrWFUVcr dsn=T*R_AcTS 
<R«ld UBofd^ WR_ J ActCocio" typ^*"**^^ 
<ReW kJFIeldstwn^dTexr frpeclMHe Jk 

</Tat>te> 

<l- BEGIN: TABLES fcn syncfeurizaion -*> 
-cTebte IdTabte-teM" dsiWSNV 
<Reld aFleW="f.6N.Nc*eNum" 
U* type»^trlnc" lenctn-"«V^ 

<Re]dTdFlekfc=*tSMPfteiiV" * 

<Reld idReW=tSN.Nol«0^ 
delBUtLabel=- Rece Ved* t r _ 

<Reld UReW=-tSkCusf*jm" 
dofouILabel^Customer kTtype^'aliW 

<Reld idR«kfc'tSN.8erialNunT 
defaulLabeU'lnstfllbUon Id" lype="strtw"l»«|to="irA» 

<ReW dRek^'tSNLEqulprnentfJfcWJ* 
dofauftLabel.'Equlpment NumW typo- "string l^gfr-*1©*/> 

<RcW IdRekN'tSUSbotfTicr 
<J0TautLaDel='Desctip«orr type^'etrtig- tenrtteWVi* 

<Retd HRekfc'f.SN-LooflTxr cttfauSjebeWTrfemo* 
lypo-'etring" length--**/* 

<ReW fctReJd=T6hLStaJu5' detftutftJO#=^ConiplolKr 
typo=Tstrtn JT lengths ■£> 

<Refcf idReJd-f SMOmfedlW 
defaulLabel-'Contacf fype-'etrtrtg- 

<J- Not in Jasorfs model -> 

<ReW WReld-TSM.ModeHo' dBteultUI^'McxW 



335B ia F EH?rogH5gCT asaGESbSBgg? 1 

1 -dndex reIFteW=-tCusiCJV^ 

<Jndax retFteH="tCuslPoata!CoriB7> 

<rtff**> 

WofWTofKrt chock dKlMuul frotn tWoridtnoct, edd 
natations htoc bs requhBd — > 

<Tobte [DTettes^tWorttftepoir dsfts^ModdaepofTS. 
<f ieu WFfekt^WFUcr dofautLdbel "^Tirtur 

typ©— "string" tengt^*t2*V» 

<j=ietf ldFieusTwaN04BNanr 
defButfLabels'NoincBtionr frpe^-etrtntr fa J\i»te* r/> 

-d=M»ld URekU-fcWRJtoMfcwi" 

<FkHd Wnek^TWR-AcCodB" d&aUftJtM 
! Code" Vpe^'sirino* tengtw*4-f> 

<FleU WRekW^iWH-AcVrxf rtnftwjn Hit TWueuj' 
type-tiring* lengt^Wft- 

_ <i=tett lo#teld-T:WR^c*OQte" defeuttLot>e*="Dele' 
tate* ten'jLit=*B^A> 
■dReld kffTold="T*fRJkeWTl^ 

<«eu fdFtelfcT-WRJleqar^iPwr c 
-~ vr je=^1rinp*lenrfh='l(rfe 

<Rotl IdField^fcWRPftitMhwy* 
defauftLobel-"Oeftvery date" 1ype="ddb3 / ksw- 

<Fteb §d^W-"l:WRjdie»li«i- 
dsfa^ebj^Customer W t yp e- Vtfrj " tenete/V* 

<l- END: TABLES tw eynchc nl — ■ i -» 
<Tabte tdTable-*t:Moder dan-'Mocteft* 

<Ftetl IdFtekfe'kModeiMadteMe" defeunLftoefc=~M0CM 
No.' Vpe=ttrtw- length=-2iry> 

dsfau«L^»-Manutectutef- lype-VrtnrtftoogeWltr** 

«d=te)d WFBlo^T.ModeLDGScrtoecn* 
deta Jtt^beJ--Doacriptton- typ^-strino* Ier©lw*l5']> 
</TeMe> 

<TaMo WTaWo-tEymp" dsn-*Cy«i0V 



tomph .»18V> 



<Table HTebte=t:Equ*pr 
<fi«ki GFie!d=T:Equlp.Equi| 
defaulLabdc'Equlpmem NumbflT 

<ReW bReW=f.Equfp.lr»tL 

dafautLabd -'Installed- type=*date* ten&&V/> 

<R€W un^d=*t Eguip.EqufpmemT>p # 
defoulLBDd s 'Ei)u!pmoffTtType a VP^Mrtra 1 ^ 1 

<R«W UR«ld- a tEquIp.Mo<telNe a 
defauILabels'Moder rypo= 'suing" tonotta"20^> 

<R©W UReld=M:E«uip.Cu6tHuS r 
d«fauftLabol=-Cu«tcmor W 1 type-'tertii^' bitdMV^ 

<l~ Not In Jewrfs model. Sub4«medby 
EqutomenlNure 
<Fie(d WReld=tEquto^eito" 



<Table !dTabte=tCusr dsn=\X»tS 

* Field WFteW=tCu5tCu«iN«ni« 
dofaulLebeJ-'Customer Id" typ©= "string- leMpWSr^ 

<FieW OR«id=*taj6lKteme- detauHLebeb^Nef 
Vpe="Strino" lengthen 5*/> 

<FicW kJFk>ld-tGurtC«y- d*fe 



<FleU bRelcfc-f.CestPoslalCodB" tie&uUAbefe^Fosr 
1ype='tefrino" lanoih^or/> 

<t-- should add vafld&flon code toere — > 
. _ *RcW bRe[d=M:Cu6tTetephon«"i4(rf«UlLat»*B^«ir 
typeo-JstrtriB" lenglhc*15"^ 

<!- No1 In Jasorfs model, but m qdm di —> 

<ReH MRold.'t^uetAddff eteteunLabeW^Addfl' 
type= string' lengUi=15V> 

<Rew UReldstCus 
typeg^no'lenpmc'15'^ 



d8teu»ADat^i40der 



iype="sif*ig* tengt*^27> 

<ReU tdPtett=TSi 
cMa|4tUdt>el^eecrtp1mirtyp4 

«#leM WFtehfcT^y 

<Tq«o idTeble^tChecir den-^Oieck** 
^^ telt ? WFieidaTCheck.ltr detatdLtbe*- > M B 
K^je-^fetrino-JenglVB"^ f 

<PWb k3notW^CtwcicLi olh oe< f 

<^en w f ih o= ~ .Cf>€ oc d eecrtolon 
defaiit^befcTJescrtptton- type="strti5r *m&**ns*h> 
</T*btoo- 

<Tabce ttfreUe- a fePeir dw^eitv 
<Beld WFIeld=:"tFenMa9Ho' def«ffiLei»»=**Ul 



< Relation Kfcr-retiCusXJEW tBbtol^fcGurt* 
fteldtgf:QraL C uslNiiW tabta2--tSW totnV TflH Du—mrn" 



oanfinaliywi- cardlnari^ZsAr^ 

He)d1= m 1:WR.NoteNuni a taHe2et£N* feld^-f^isTteteHunj- 



cardinajhVl^n" cardJna%2^r/> 

<Rdation kfc"rrdnM3dcJ_9ympf taMvl^tModeT 

BeJd1."t:M«lel JHodeNo- Ubie2=T^Unp' 

Beldfcf :Sym J^odeWb' caidlna Wyl =M ■ oawBhettia ■Ti'T* 

BeW1^Eqiip.C^Num'tattBa3cCyer 
BeW2fcT.CusLCustNuin' cardmaltyl^rf canllnalty2= > 1^> 
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doctPlohW 



fleW1= - tWR£qdptnertNuin» tek 
nekJ2=*tEqiJ).EquJpmentr*jnr < 

feMd2=M:EqiJlp.EqulpmantNumr cardnaMyl**** 
card nal rty2-**1 "fe> 

UeKli=-tWB.CU8tNum' tabte2stO*T 
neW2=*tCustCustNiiii" carding ^'^JCfir^V^^ 

tabte2--l:WodaP f eW1- ; tEquip.ModdM» - 
fieHe^ModeliModeiNo" canflnaKyl* V cardt ralfrgff Tfr 
<R&lMton o=-rem:v>m ActCo^t^^ 

tebre2=KnWR^cf ffe?d1=/^ActCq^ • 

ttfd**M:WR_AdlCod»' carfnrtlyl- V e »<ln«%fl ^1Vl 
^OataMod»h» 

<Scenario scenartoName=X^ittoraar »<W1"> V _ < , 
<ScenarioSeflmen*3tructurekfcfTOP" netTab»e='tai»T£ 
<ScenarioSeBrr«nt struck ratt»*01Q" refTatttet Equip"** 
</Scsnaria> 

^SCBmrio «oenwk>Name»^ivfc«ND«tartto»f B^W^ 
<ScerarioS«yTiont«tnjclJrek*-'rOP- rtfTitte-tOf^ 
</Scenarto> 



1 tahtoi «*t:W ortcRaporT 



^Column M- a o40oae- tSCSVeaaQE? 
«UstV1«tfTl9 KTT1«ka*OU9Uklflk*ttr 
| dtrtFlfl^"hSN.MoteNum' de9tTT>e6at-"te01FY>- 

datafickfc^tWFUkctvDateV*. 

<Cohimn Id-VgOOOg" "WT 
dQtrrftett=*fcWRAclvTrfV> 
<AJslViewwt> 

<Co<umn kWcOTOOOr tAfet'Daaaffftaf 
data1te)d-*tGyroI>»e*pdan"/* 
<AistVltw r nta> 

^rarr>eTl9 WTtez'WTOJelallorf amoMBMP* 
<Paoe W="c£0000" titac-ttanm-yv 
<TexJBax ldn"cB1000" 
<jatelW*^E<MP-E«Mpm«rtNunf 
' «cT«dBCKld="i=0100l 

„ ^j-Sertal' tebets'Sartafc-fc-* 
<TexlBox kl="crfJ1003" 
dttafieWpt EquCp.lr«tBUDele' fabet^li w i U amf 

<Tex!BQX kJ=\=eiW J ~" 4 



<HyperUnk awi 
."tCuctCuetNuni" 



lebe»='Moc*afc1fc. , . 

<TextBoxkfc*"trOOOOS" da^rtafcV*SN.8ellB^N«Hl , 



.hum- """^^ tfepteyBefcb^ModaLManu 
ttn*fTabU»-t Model* r*RaId= t fcM«J«tMcdalM»%^ 
-<flai - 



datafiokl-"tCh«ckiJcfll»»oodr^ 



</Pag*> 



<yfifamdnte> 

<f lameme UTMe="cu8Uawwf«r i_ 



'StS&ox k*=*t 11002" dateMtWT.CuatTotephorvo' 

'^^^^ 

readonJy="0* mandatory^" miiJBr>«rW> _ 

reedonIy= a Qr mandate ry-"0" mjttEnaa-"PV> 

^octBoxW^CIIOOe - 
dataftet^-CCuaLPOSialCod*' *iH*T*mr/> 

<JP*B9> 

</F^arrwTJto> , _ - 

<UctvlGwT.U» fcTTle-"Cu»UU«f wfT«b*»-*tOur#> 

<Hyp«Unk owtiBckJ-n^iaiCuB*hOTi" 
dastFlaitN'nOusl.Cu^Nurn* destTTeSeVTKOORA- 

<Corumn U^'caaxxr f— ~ 
datafie!d= l f.-CusuCuslNuBiV> 

-tCotumn b='caO001" 
datafleid-'F-.CusLNariM'^ 

<Cohima kJa*c20O0r ifte-"A»«" 

<AJsIVk)Wr*s> 

^JatVtewTlle ldne='Cust_SNJJ«r mfT«fc*«-taNV 
-d-typerLit* ownRelcWI^N >IOtqNuin* 
dertf Wda*nSN.Not€Num" dearrBeSBU^tactJIf*^ 

<Co*urnn W**c:4O00<r ttte-T 
datafwtd=T.SN_Prtori*r7> 

, datafidct**f:S > 4.MotoDBteV» 



<HypciU* o^RoJd-^c^p.^lppemhim'' 
daiaftett="tEqutp.ModeiNcn>. 

</u»tvi«wiW _ . 

cUEMewTte KJno-"SN_Uar TefTaN^^rSMV 
<HyperUrtK owFteK^.-SNJ*?tBNunr 
MsxSN.NOteNum' dBcmteSat-TrO-IFV> 
<Column kts-cOOOOOr flta^-T 
<tataffeld=ta4.Prio*%-/> 

cCoMtinKWoOOOOT TM^IMCT 

daaneid-nst^NoftBOias*^^. = . 

d«tafiekl="tSNjShofTricr/V 

etesrnteSefc-te(S6PSb. " 

<Cokrmnid-^>£000(r«fl^8ewiM Data* 
datafiaW="twn>ctwOatB*if> 

<co»umn w='cB0W " t*a-ro©aoripdMr 

*Fran»Tto ldTW-"ReporT rafr aUto » TWu il in a»m r » 



< /Pa a a» 

<Q(idPau 



<TaxtBox id-TsodBcK_P©c71 »9B11_W 
datafteU-'tWakT raodcnly^* mondfl»ory=*0* a nuMl aaa "I T 



datafletd-tWH>rtavO«.t«- raadof^'O- laandotoy^O - 

tat»C=-8en4cod:f> ■ fc 

cDateTme ldfc-Date"nmfi_Doc^1360aB_2W" 
datafield«*t.WR>ctvTlma' readorty^U" laandatoyW^ 



<^3rtdPaja> 
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<OptJonGroup 
datafletd-tWR-AclCod©* 
dofaul«r> 

<OpOon tcxt^rreprwJudWe" vaJUBa^Elfe 
<Opacn text=-E$cabt8" valuerf^ 
<Optton textr-Mahtenance* vabnTS^ 
<OpOon texfc-Ordar part" vafeia-*1000V 

kb^CcmboBox, Dec4 1 34932_Z*4 - 
daianekt^WRReqiiredPart' FabefeftooM 

»>e« r tekN'fcPDfUtetNo' cfaptayf teW=tPwtT«r/> 



<oct*Bm* 

W- r OeleTVne_Doc4 1 34933L21 0* 

deWidd-MrWR.PartDdlVDi/ nadon^O* nanda torj-^ r 
tabe*=' Delve ry ciakr*7> 

j <MemoW*TltelH) Deo4t34833. 2TT 

dalafiekfetWR AjWTrf readonV^F maMMoiyWV 1 



VTleSet> 

<TlteSet idVtcOOR 1ttft=>*Cuo«N»arV 



rUT 



<Subm tgfTlteTv^ iui pnion f ttWfnifc' 
</SubTia> 

<SUtfflto remasT^ot SN Ujrtl 

parBrtReteHoroA^roCusLJSir taioq^wwW^ 



</TB©3et> 
<THo3o1kfa-teBri 
navtgationB«i*MV 



<OptooGroup> 

<FravwTHo Una^lMaJaaunP 

refTftbte=n:Wortcrtepoir> 

<Pege ttde^eetferv 
<f extBex W^cSOOOO* dafcrtakWtWR JtT 

•cDeWTlfne k^aSOOOV datBflafcf-rfcWRJtefcDato- 

hit*N*Servjco Mk*^ 

tebefc'Serw» Tfmer/> 

<Text3ox U^c30003* dateiafcfeTWn »-C»d»' 

refTabte="toWFLArt' re«=teld="tWTL>cLG00tT> 

<n-** — 



parentftelailaWlxOI JJabi* tam a tR nam a^ gS 
</Sub7H*> 
>*8ub71ks * 



«^SuD*T9a> 
<SubTlo rafTia=-SW._MaWHfir i 



<Maktm> 

«TilaSeU 
natfgaflonBafcJCS 

<MalnTla mm^-BHJ&enenr m**Qmm* a 



cUstVfeWTla kmte="W:tX»mw- rum 
<Cotumn Ms-cat ooo* ctwMedtf 

datofieU=1:Eqiip.ModeINQ'/> 
<CoJuran id=»cA1001 r " 

dataflek^1:Equlp.EqMlpniui rtMMWf^ 

cFramaTie kme=fn Dummy* rerraa 
■cTexlBox kfa'cBIOOO* 



<SubTWB lame^CvatOeoenr I 
parartRfitai^25lreG»LeM* largefFn 
</SubTBa> 

pttW»RelatiQrw're>niWR_e»r taroatfV—WB°*qff> • 
</3ubTlB> 

<sub*rite wsTwoiFBeporr iBfntea'R^BOjr 



</naSflt> 

<TlleS©t kMte:02- Mb-*tetafiatoaer MNtaOnafta^fSt 

S Cfte* 1 nstallBfona * tarj — — ~ — 

<3ubTBa 
llpafenmeiafloo=T8»2Juuiir 
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4. Brief description of the drawings 

FIG. 1 is an overview of the process far creating an application- 
FIG. 2 illustrates the range of deployment configurations for an 
application, 

FIG. 3 is an overview of the Workbench architecture. 

FIG. 4 is a view of a computer screen showing the Workbench screen 

layout. 

FIG. 5 is a view of the Workbench during insertion of a new element 
Instance. 

FIG. 6 is a view of the Workbench during the setting of an attribute value. 

FIG. 7 is an overview of the Interpreter architecture. 

FIG. 8 is a detail of the operation of the Parsing Services component of the 

interpreter, 

FIG. 9 is a scries of views of a computer screen illustrating the 240*640 
pixel Handheld PC layout Theme for the MDF application of Table2. 
FIG. 10 is a series of views of a computer screen illustrating the Palm PC 
layout Theme for the MDF application of Table2. 

FIG. 1 1 is a series of views of a computer screen illustrating the 480*640 
pixel Handheld PC layout Theme far the MDF application of Table2. 
FIG. 12 is a series of views of the display of a microbrowser-enabled 
wireless telephone Illustrating the server-side Interpreter's WAP Theme 
for the MDF application of Table2 

FIG, 13 is a transcript of a dialog conducted over a telephone between a 
user and the server-side Interpreter's Voice Theme executing the MDF 
application of Table2. 
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FIG. 7. 
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FIG. 9. 
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Abstract 

The present invention relates generally to the creation of data-centric 
applications for computing devices. The invention is particularly 
characterized for defining classes of data-centric applications that share 
particular generic user Interface models comprising the following steps; 
determining the types of distinguished User Interface elements, and their 
constituent elements, required for said generic User Interface Model; 
determining the cardinality and relationships between the Tiles In groups 
of Tiles called Assemblies; determining the logical model for Navigation 
between the Assemblies, and the required user operations on the model 
state. 
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